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f ABSTRACT
. -

Cartilage growth and composition were determined in growing
finishing snine (1.6 to 131.0 kg). The effects of age, sex, feed
intake and:dietary estrqéen addition on the incidence of jolnt lesions
were studied. The eftects of exe}cise on the degree of recovery‘ftom
leg weakness was:also_examined. -

. Growth dependent changee in’agticular and epiphyseal cartilage
were observed‘nsing 25 bdars ranglng in age from 3 days to 30 weeks

\

(Chapters 1 and 2), In general, eartilage»thickness, cellulatity
and. vascularity decreesed'(P<l0.05) with age. Animal growth was also
“asspciated with changes in fine structure and chemical composition of

cartilage. The amount o endoplasmlc ré@iculum lk the chondrocyte

decreased with a concomitant decrease (P<\O 05) in tﬁe concentration

\

of matr)x proteoglycans. . )Ty matter and collagen conhentration increased

o
. e

(P< 0.05), and extractability of‘proteoglycans and the tatio of 4~

.
)

 sulfated to 6—sulfatedldisacchafide from the chondroitin snlfate fraction

decreased (P<0.05) with age.,

Chemical composition of the distal femoral articular cartilage |

-

' °

from five 20 week old boars was determined in seven different sites
(Chapter 3). The conceptration of chondroitin sulfate Yas greater

= (P 0.05) and that of collagen was less (P< 0.05) in the force-bearing
than in theenon—force—bearing areas of the cartilage. ‘

. . ’ / ~
Joint lesions, examined in 115 pigs ranging in age from 20

to 30 weeks,were observed to be osteochbndrotic and to a lesser .extent

<

%

P

R
73
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osteoarthrotic (Chapters I, 2, 4, 5 and 7);' Lesion frequency was

L

highest in the elbow and stifle joint, and distal epibhyséal plate
of the ulné. Gross, histological and biochemical alterations in

abnormal cartilage and bone were determined. Degenerative cartilage

-

showed cell necrosis and loss of matr}x proteoglycans.  Fibrotic ,

)

tissue'waS'dZGeloped it' the area ‘of bone lesions. However, mineraliza-

tion appeared to be nprmal.in the apparently normdl areas adjacent to

-

bone lesions. ' ' . -

Uronic aciq in serum and urine were also studied in six 15
week 0ld boars with experimentally induced joint lesions (Chapter 6).
It was concluded that measurement of uronic acid in serum or urine is

of limited Value to detect 6&!verify the presence of degenerative
» .

joint lesions. '

The incidence and severity of joint lesions increased with age,

and were_similar among boars, gilts and %ar;ows'of a similar age and
body weight. Feed restriction and addition of estrogen to the diet

- .

were not effective in prsventing joint lesions-(Chapter 4). .

b

Lame boars allowed an increased exercise area showed no

appreciable improvement in locomotory ability (Chagter 7).
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INTRODUCTION - o

. : LEEN . A 'II’ |. : ’ | ’ ‘ u " - K

AR BTN A , X v
IR el ;;qegénerative joint abnormality and leg weakness, .particularly
'Séfbbreedingfanimals;area serious problem in the swine industry. -

\

In North American agd European counEries, it has been reported that
o~

.

iﬁ/oerformance test stations are’ culled because
f,'t‘ .

of leg weakness.. In spfte of its importance, 1imited research has

: been condUcted oa this problem. The etiology of the abrormality
N . 8 : »

T

‘ t
) £~ ‘ is“not”well uq?erstagd Rapid growth rate, Ylack' of exercise and -
‘. ',_f"' : £ . » ¢
fﬁ*“ B type of floor hawe been implicated., = The major objectives of this
;’_.‘ ) A Y % .
has g sbudy were to investigate *he etiological factors of joint lesions
gf : ‘i -~ and: 1eg weakness in;swine.
v a % » e
- ?&»series of experiments were'designed t study:
.- ’ 9- W, S
. o ' l) Normal growth patterns of swine articular and o
* ' Jox 5
] p Epiphyséhl cartilage, ’
"':' . . ‘vf q L ' ] ) ‘A
AR - , Site-dependent differences in the chemical ] R
{?ﬁ;' §§ compositiéh of cartilage in the stiflé joint, .
_ o 3) Visual histological and biochemical alterations
-1 - B
S ST ﬁ
I S iﬁ'degeneratiye ar%icular ‘and’ epiphyseal cartilage
3 : , OEER v
h kS . i M
.}; s, 8 . and bﬁneia - ’g'} ‘Q
\ . - 5 ) [
- 4) 'Mineralization of notmal bones and those with a
- % . deQenerative condition, ’ - o
* : : i S , '
. 5) ‘gronié acid’ in serum and urine from lame pigs,
3. ot .- 6) Effects of age, sexg;feed intake, growth rate e
L3 ghd dietary‘estrogen_on the #ncidence of 301;; . .
L1 . _ R %

Tesions, and:

) [
B W
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n

. . o
7Y ‘Recov?izi}f‘ﬁbars from legqugknees by
% . . v . .

changing housing‘syspem.
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CHAPTER - 1

CHANGES IN SWINE KNEE ARTICULAR CARTILAGE DURING GROQTH

ABSTRACT
‘ _ r .

‘Twenty five crossbred boars reared under normal conditions were
serially slaughtered at the age of 3 days, 5, 10, 20 and 30 weeks. Five
boars we;e slaughtered at each age and morpholo;ical histochemical and
biochemical age related changes in femoral condylar articular cartilage
were studjed. No osteochondrotic joints were found in pigs 10 weeks of
age or‘younger, while 7 of the 10 boars slaughtered at 20 and 30 weeks of
agey were osteochondrotic. Cartilage thickness increased (p;i0,0S) until
the age of 5 weeksland decreased (P<0.05) thereafter. éell density decreased
(P<:Q.05) as age advanced. Age associated chang%s-found in the chemical -
composition of the cartilage were an increase in)the concentration of dry‘
matter and‘nydroxyproline and,a decrease in the concentration,of glyco-~
saminoglycans (GAG) including chondroitin sulfate (ChS) keratan sulfate
V‘and hyaluronic acidr The proportions of soluble proteoglycan and 4
sulfated disaccharide from the ChS_fraction decreased (P<;0.05) while
‘the pr0portion'of 6?sulf;ted disaccharide from ChS increased (P< 0.05).
iR Osteochondrosis was observed as a disturbed endochondral ossification,
and softening and fracture of the cartilage. _The former was accompanied
°by a loss of intercellular GAG and cell necrosis, and'the latter by local
losses of GAG and cells. , Osteochondrotic cartilage also contained higher
proportions of soluble proteoglycan and 6- sulfated disaccharide, and lower

I !

proportions of 4-sulfated disaccharide than did the visually normal cartilage.

* The material in Chapte of .this thesis has been published in the March,
" 1979, 1issue of the Can:diahxlpurnal of Animal Science: Nakano, T., Aherne,
'F.X. and Thompson, J.R., 1979. - Changes in swine knee articular cartilage
‘during growth. Can. J. Anim. Sci 59 167-179.
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Among intensively reared modern swine, degenerative

joint diseases often occur, ‘and the incidence and severity

of the conditiOn increases with advancing age of animals (Grondalen,

1974a). An understanding of changes that take place in Jjoint carti-
lage during growth of pigs, therefore,. is.not only of basic but'also

of practical importance.

Articular cartilage consists of relatively few cells and
abundant extracellular matrix. The cells and the matrix are

functionally interdependent. = The main role-~of the cell is to

~

produce‘and maintain the matrix. In turn, the matrix has an

@mportant role to maintain the cells in homeostasis. The. matrix

contains a large proportion of water, a meshwork of collagen fibers

5 -

and a non-fibrous amorphous substance (ground substance) The
major component of the ground substance is a glycosaminoglycan—
protein complex (or proteoglycan), which is responsible for sus—
taining rigidity of cartilage (Meachim and Stockwell, .1973)
Glycosaminoglycan (GAG) depletion is related to softening of
articular cartilage (Sokoloff 1966). ]

A progressive decline in cell density has been reported in
the articular cartilage of human femoral condyles during growth and
maturation (Stockwell, 1967). No studies of‘cell density change
'with'age haVe been reported for suine articular cartilagef StudiesA
of .the overall chemical composition of sﬁine articular,cartilage

(Simtnek and Muir, 1972a) indicated that early postnatal growth\is'

A,-/



A

]

associated with*a rapid increase in the concentration of collagen

and dry matter, and with a rapid decrease in GAG uronic acid and

the proportion of solub;e proteoglycan present.

L

Simunek and Muir (1972b) repofted that the proportion of

soluble proteoglycan in the cartilage of femoral condyles and patellas

. was higher in lame tHan in normal pigs. However.there were no

apparent differences in. dry matter, uronic acid and collagen con-

‘centration'of the cartilage between lame and‘normal pigs.h 4

g

The present study was a morphological, histochemical and
. | M N
biochemical approach with two objectives: 'l) to provide more detailed
information of the growth pattern of decine‘articular cartilage,aand

2) to study the composition of the articular cartilage obtained from

P

‘lame pigs. /‘,

7

MATERTALS AND METHODS

Experimental ‘Animals -

Five groups of five newborn litter-mate crossbred (Yorkshirer

b4 Lacombe) boars were obtained from the University of ‘Alberta. herd

One boar from each of the five litter groups was randomly selected.

for slaughter at 3 days and 5, 10, 20 and 30 weeks of age, v Hoﬁsing
and management of the animals followed standard practices for Alberta
as described by Aherne et al. (1974) Pigs were weaned at 5 weeks

of age and fed standard starting (frOm 5 to 10 weeks) and growing

(after 10 weeks of age) diets ad libitum. . 'Indoor temperature of

the barn.was,maintained at 22°C. After weaning, pigs were housed



n

' Measurement of Cell Density\end Histochemistry

-
-

--as litter groups -in concrete floored pens. . Because of serial

slaughter, the floor area péf”animal increased from 0.48 m2 from

' . o
5 to 10 weeks, to 3.34 mzifrom 20 to 30 weeks of age. Pigs were

slaughtered by mechanical stunning and exsanguination. Immediately .

after slaughter, all 1limb joints were opened and uisually examined

-

for soundness of articular cartilage. Because of the'high inci-

;dence and sevé\‘ty of degenerative lesions in the knee (stifle)

joint (Grondalen, 1974&), the femoral condyle was selected for

morphdlogical histochemical and biochemical studies. The medial."'

and lateral condyle of each femur were sagitally split in the centre

to appraise the soundness of bone The surface area of each condylar

. bone was also examined after the removal of cartilage for histo-‘

chemical and chemical analyses
s

The thickness of articular cartilage was measured in the |

centre of the caudal- summit of all apparently normal medial femoral

,

condyles by removing a small piede of cartilage from this area free
of subchondral bone. A single measurement was made using vernier

calipers. -~ . L .
. - 1

‘
iy

a

Three strips of apparently normal articular cartilage dhd

* subchondral bone of approximately 2 x 4 mm at the articular surface |

Q
were taken’ transversely from the central, area of the medial ‘femoral’

condyle og each left 1eg. Samples of abnormal cartilage were taken
from any 1ocation on the femoral condyle of all right and left legs

. #*
which showed cartilage damage. -Corresponding sites of visually

£ : o :
-.normal femoral condylar cartilage were also sampled from the same

.



pig when possible, or from a different pig when it was not possible.
All samples were fixed in 10% formalin in 0.1 M phosphate buffer
pH7.3. Fixed tissues were routinely decalcified with 202 formic
acld, dehydrated, and embedded in paraffin wax (Drury et al.,, 196%).
‘SeuEn p thick sectieons were cut vertical to the articular surface,
and stained with hematoxylin and eosinA(Drury et al., 1967),'and

safranin O, fast green, aﬁd iron hematoxylin (Lillie, 1965).

Safranin O is an orthochromatic dye which selectively stains GAG

(Rosenberg, 1971) ‘

The cell density was estimated in the apparently normal
cartilage by counting the number ©of nuclei using an eye piece
micrometer._ Ten sections were selected from eachﬁhtrip. . Each
section was examined in the superficial middle and deep zones as

‘ -
defined on the basis of morphology and arrangement of the cells by

Meachim and Stockwell (1973) - Two observations were made within

each zone.

Chemical Analysis

,Femoral condyles, Vhich.had been sealed in plastic bags and
'stored in a freezer (-30°C), were thawed.' Lateral and medial '
_femoral condylar articular cartilage were separated from sub-.
chondral bones of both left and right legs og each animal finely
diced and thoroughly mixed. The dry weight of cartilage was
determined by acetone drying (Brandt and Muir, 1969). | Hydroxy—
proline was analyzed by ‘the method of Stegemann and Stalder (1967)

- To isolate cartilaginous GAG, acetone dried samples (100 to

‘s,
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300 mg) were digested with papain according to Scott (1963) ‘ Aftér
proteolyticwdige;tion, trichloroacetic acid was added to a final con-
centration of IOZ ‘and the mixture was held at 3°C overnight. ~The
protein precipitate was removed by centrifugation for 15 min at
13000 x g and 0°c. The supernatant was dialyzed for 24 h against
"each of running tap water and deionized water (Schiller et al., ;
1961). ‘Cetylpyridinium chloride (CPC) was added toithe dialysate\
to précipitate GAG (Scott, 1963). Following the removal of C?C.
with potassium thiocyanate saturated ethanol (ﬂowther et al.,
1967), the total GAG dbtained wa;»dgtermined as uronic acid (Dische,
1947; iBitter and Muir, 1962) using glncuronolectone as standard..
An aliguot'ofbthe GAG was then-subjected to chondrbitinase digeétiqn -
(Saito et al., 1968). | In this process chondroitin sulfate (ChS)
was digested with chondroitinase—ABC Miles Laboratories Elkhart,’
Indiana). The digestate was chromatographed on Whatman No. 1
filter paper with standard unsatureted 4-sulfated, 6-sulfated and
npn-sulfated disaccharide}(Miles Laboratories% Elhhart, In;;ana)
"”*iccording to the methods of Saito. et al. (l968) and Murata and
) Bjelle f1976) The diaczq&s bands obtained for each ChS were
> cut- from the paper, ‘eluted: tith distilled water}and analyzed for
uronic acid to determine the amount of unsaturated disaccharide
'present. | The remaining GAG ptgparations were combined within
each age group, and subjected tb bvaluronidase digestion (DiFerrante,
1956) followed by fractiqnation by means of ion-exchange chromato-
granhy as outlined’by Schiller et al. (1961) . The susceptibility
to hyaluronidase (bovine testicular hyainIOnidase, type I, 360

National Formulary Units, Sigma Chemical Co., St. Louis, Missouri)

0= NS
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was measured as percent reduction in’turbidity as described by

DiFerrante (1956). The GAG were eluted stepwise with 0.5M,
? N ‘ﬁ‘ o
1.5M and 4.0M NaCl from a 0.9 x 44cm column containing 200-400
. . . ‘{  ,

mesh Dowex 1-X2 in the C1 form. = Each fraction was assayed for

uronic acid and hexose (Trevelyan and Harrison, 1952). ‘Galactose
. 0 -

N

Qas used as the standard hexose. After fractionation of GAG, each
fraction was characterized by electroph6resis;on cellulose acetate
membranes. Pyridine—formip acid buffer, bH 3.0 (Hata and Nagai,
1972) was used as the electrobhoretic ﬁedium. Rgference GAG
standards including ChS,v;yalunonic acid (HA){F;nd keratén sulfafe
(KS) were a gift from Dr. M.B. Mathews, Department dkaediatriés,
Universitj of Chicago. |

Totalland_percent M CaCl2 soluble proteoglycan were deter-

mined as uronic acid by the methods of McDevitt and Muir (1976).

Bacteriological Examinations

Joint swabs were obtaihed from the stifles of all boars

slaughtered at 20 and 30 weeks of age, and cultured for bacteria

Nagd mfcopiasmés. These examinations were carried out at the

s

o

Veferinary.Services Division, Alberta Department of Agriculture.

" Statistical Analysis

Age relatgd changes in gell density and chemical compositidn
were aﬁalyzed stafisﬁically usiﬁg aﬁalyses of variance. Significant
différences émong the age means were determined using Newman—Keuis'
multiple range test (Steel and'Torrie,f1960). The harmonic numbef:

of observations per cell was computed (nh'#'0.395) and used in the

K4

-multiple rahge test. '? , | ;
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RESULTS

Visual Appraisal of Joints

ﬁ% Joint defects were found in animals 10 weeks old or yoﬂhger
vhile ‘a1l 20 to 30 week old animals showed joint abnormalities in one
or more joints. The frequency of lesions'va; greatest (70%) in the
fgmoral and hgyeral condyles, but in geﬁeral the sevérity of th;
lesions was greatest in the femoral'condyleé. The lesions found in
the humeral condyles,.proximal ulna,.térsi and me;atarsi were observed
to be slight irregularities or depréséions in the articular éartilage.
Thgse depressions were independeht of the nonarticulating depressions

(synovial fossae) which occur normally in some joints during early

growth (Sisson, 1917; Doige and Horowitz, 1975).

Visual Observations of Abnormal Femoral Condyles
. [+

Four 20 week old animals showed a disturbance of endochondral
ossification,(osteochopdroéis)vwith small regions of cartiiage tissue
x|

(1 to 2 mm in diametef and dépth) invaginating into the subchondral
i ‘

bone (Table 1). One of these animals demonstrated a superficial

_fracture‘of the cartilage, 0.5 x 5.0 mm and extéﬂding lmm below the

surface of the Eartilagex Wheﬁlprésged with a blunt prob;, the
lesion area was found to be'sbfter than apparently ﬁormal cartilage.
Gross morphological~changes.werg not apparent in thg subchondral |
bone tissue of the affected joints; | |

One of three 30 week old affected anima1s was not lame, but

manifested'distrubed endochondral ossification_similar.to that ob-

- serve& with the 20 week old animals. The other two 30 week old
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affected pigs were very lame and showed éurface fractures and thicken-
ing of cartilage. The lesions visible around the fractures ranged

2

from approximately 25 to 200 mm” in area.and 2 to 7 mm in depth.

. The lesion areas were partly invaded by membranous tiséues that spiead
from the synovial membrane (pannustformation)” Thickened cartilage
invaginated~ (2 to 5 q?) }é;o the subchonéral bone,,vhich had‘more or
less‘cdllapseé near the ost;bqhondrél quﬁéti?n, and contained several
small regions of c;rgilaginous tissﬁe. In longitudinél secéioné of
the femoral condyles, these regioné were. approximately 1 mm2 in size
and Vere-scattered,OVer approximately 1 cm2 area ‘adjoining tﬂe osteo~
chondral junccion. |

The term osteochondrosis will Pe usfd to'de;cgibe these
‘ abnormalities. The tyq 30 week old lame boars were gonsidered to -
be in the advanégd s;ages of osteochondrosis while the non-lame boars
;'vere consﬁhiude‘red to be in :the early';tag@'g of the diseage. The
incidence and.severity of osteochondrosis we?e higher in the medial
.thqp in thé lateral condyle. A visuai,escimate of the slope of
tﬁé weigﬁt beariﬁg_surfagg frém éaudalisuﬁmi; tqfintercondyloid |
fossa was made for nqrmai and osteochondrotic fgmorél cond&les:
The slope aﬁpeared to be steeper intnormgllthan'in osteochoﬁdrotic

joints.i ‘The steepness of this slope decreased with increasing

se@erity of osteochondrosis (Fig. 1).

«

Cartilage Thickngég of Visually Normal Joints

. Cartilage thickness at the centre of the caudal summit of

medial femo;al'condyles incfeaséd~(P<f0.05) during the growth period

11
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of 3 days to 5 weeks, and decreased (P< 0.05) thereafter (Table 2).
A ma}ked decrease in thickness (approximately 3 fold) was observed _
between 10 and 20 weeks of age. After 20 weeks of age, the thick-

ness remained relatively constant.

Cell Density of Visually Normal Joints

Cell density decreased (P<£0.05) from the'superfiéial to the
deep zone for each age of animal studied. Within each zéhe, cell -

density also decreased (P<:0.05) with age (Téble 2).~. The decrease

3 3

" was from 27.6 x 10° to b.§>x 103 in the superficial, 6.8 x 10~ to

0.6 x 10° in the middle, and 2.6 x 10° to 0.4 x 10° ‘cells per mm’
'in the deep zo:g,]l’ﬂowever means were not significantly different (P
0.05) between samples taken from the middle zone of 5 and 10 week old

boars Oor between samples-taken from the deep zone of 10 and 20 week

~

old boars.

Histochemical Observafions ' ‘ <

Cartilage cells and matrixes of wvisually normal joints were

stained evenly and intensely with hematoxylin and 'safranin 0. * In
LA .

eariy osteochohdrotic joints from boars aged 20 to 30 weeks, the

A

cartilage without suﬁerficial frac;u;e showed sim%lar staining
rgactigns to tgose of visually normal jointé_éxcept'Qheré there

were small areas of ossiffcation failure. Such areas showed cell
necrosis and a loss of GAG (Fig. "2). The cartilage t%ﬁsue with

| éhﬁerficiél fracgyre showed a local loss of both GAG and cellularity

resulfing in tissug ffbrilla;ibn. There wereqmultinucleated

~

a
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clusters of cells close to the facture (Fig. 3). A

In advanced osteochondrotic joints, local loss of GAG was .
<

obaerved in the area of fractured cartilage In some cases, carti-

lage near the fracture contained fibrocartilage,in the superficial
;nd'middIe-zone. The fibrocartilage extended approximately 25 to
vldO mmzlat the articular sd}face. A diminished GAG staining reaction
was obaerved in'the fibrocafgilage. ,The pannus regions were highly
vaacular and were also associated with a loss of GAG. The deepest
area: of invaginating cartilage showed very weak staining reactions

of both nuclear material and GAG. Most of the small regions of
cartilaginOus tissue found in the subdhondral bone (Fig. 4) dis-
played denee‘cellularity (6163+SD 1106 cells/mm ) and intense GAG
-staining reaction © With the exception of the fibrocartilage arga,
the nomnfractured cartilage was histochemically similar to the visually .
normal {artilage.. N

-Biochemical Obgervations o . [
r

A

i Visually normal joints:' the chemical}compositton of visually
normal cartilage of the fem3§a1 condyles is shown in Table 3. =~ From
'3 days to 20 weeks of age, the percentage of dry matter and tne c
7
hyd?ox?B?BIfﬁe concentration increased (P<0.05), and uronic acid
concentration and percent soluble ?roteoglycan decreased (P<0.05).
However  from 20 to 30 weeks of age, only hydrdxyprolineAconcentration
increased significantly (P<0.05). Age related changes in tfe per-

cent unsaturated disaccharide of ChS were significant (P< 0.05) for

the 4~ and 6—sulfated component. The percent 4-sulfated disaccharide

~
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decreased from 68 to 53%, and that of 6-sulfated increased from 20 to

o . - .
38% during the grghth period from 3 days to 30 weeks. However, the

percent non-sulfated component waé relatively constant at gpproximately
10% from 3 days to 30 weeks of age.
The cartilaginous GAG wer; highiy susceptiblé.(99.3 to 99.62%)
<
to hyaluronidase in all specimene ggudied. Each‘GAGVftgcéion.obtained
" by Dowex 1 ‘column chromatography“was determined as uronic acid and
heiose. As shown in Table ?, mosﬁ GAG were eluted with 1.5M NaCl at
all ages studied (97.8 to 98&72 of total GAG), thle on}y small amounts
wére,elute&ywith 0.5M NaCl (1.5 to Z.QZ)._ The uronic acia\tancen—
tration of the 0.5M and 1.5M NaCl fractions in the dry cartilage
décreased with age. The GAG eluted with 4.0M NgCl.contaiped negéé}
.gible aounts 6f”uronic acid.but contained a small amount ?f hexose,
whereas;in the total GAG the amount of hexosé (as galactose) was less
than 1% of that of total uronic acid. The hexose (4.0M NaCl fraction):
uronic acid (0.5M + 1.5M NaCl fraction) ratio increased with Aget
The GAG fractionms wére fq;thef adalyzed by électrophoresis .
(Fig.. 5). .fach of‘the O.SM,Tl.SM and 4.0M NaCl fractians gave a

Q .
single discrete band with an Rf value similar to that of standard HA,

3

ChS and KS respectively.

Abnormal joints: The>éogtentration Sf urbnic aqid, and the -
proportion of.ZM Ca012 soluble prdtéoglycan and unsgturated disacchar-
-ides of'ChSAwere analyzed. As shown in Table 5, the uronic acid N
.Q’

'~
concentration of early osteochofidrotic cartilage was similar between

tissues without and with superficial fractures. These values were

o
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also ‘similar.to those of visually normal cartilage from the/sam
: i : .
age group (Tahle 3). ~ In the fractured sites of advance osteo-

.chondrotic joints, all tissue samples adjoining those demonstrat-
ing weak staining reactions of GAG‘showed much lower uronic acild
concentrations than did similar regions of tissues from Qisually
normal joints (15.0 to- 38.4 + 6 5 mg/g versus 51.3 + 3.2 to 54. 0
+ 2.5 mg/g dry weight). Uronic acid concentrations of cartilageA
from nonfractured sites in osteochondrotic Joints were similar to

those from corresponding sites in visually normal joints on a whole

thickness basis. ‘ | (

Both é%e soluble proteoglycan and unsaturated disaccharide

of ChS were determined in non-fractured sites of advanced osteo—-
,

chondrotic cartilage and cor%esponding sites of visually normal

1

and.early osteochondrotic cartilage (Table 6). ~ The percent soluble

proteoglycan was considerably higher in. the advanced osteochondrotic

' than in the early osteochondrotic and the visually normal tissues.

K’

_The percent 4-sulfated component of unsaturated disaccharides was

‘ lower, and that of 6-sulfated component was higher in the advanced

~ than in the early osteochondrotic amd visually normal tissues. The

percent non-sulfated component was similar among ‘these tissues
T

o

Bacteriological Examinations

Tests for the presence of pathogenic bacteria and m&coplasmas

"'were negative.

o

g
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DISCUSSION : "

The results obtained in this study indicate that the cell
density of articular cartilage from femoral condyles decreased
* raplidly with increasing age of animals (Table 2). This observa-
tion is consistent with that of ?tockwell (1967) who studied human
articular cartilage from femoraI cond&les and reported that the
cell density continuoualy-diminished during maturation (0 to?30
‘years) There have been no. previons reports of changes in the
cell density of articular cartilage of pigs. The decline of cell
density and the increase of cartilage thickness (Table 2) observed
up to the age of 5 weeks suggest enhanced accretion of inter-
&ellular matrix per cell during this early growth period.

With advancingfage.of animala, the percentage of dry matter
increased, the nronic acid concentration'and theiproportion of
M éaCl2 soluble proteoglycan of' the cartilage decreased and
_hydroxyproline coéﬁentfation increaaed (Table 3). .Similar'changes
jhave beenlreported inﬁthe cartilage from femoral condyles and
patellas of growingvpigs.(Simunek and.ﬁuir, 1972a). ‘ The proportion
of 4~ and 6-su1fated components of ChS also significantly (P‘<0 05)
f-changed with age, while that of the non-Sulfated component did not
significantly change. Similar-changes have-been reported for the
4- and 6-sulfated components of ChS from rabbit costal cattle

° @

nasal (Mathews and Glagbv, 1966) and human articular (Greiling and

.2

Bauman, 1973 cited by Hall 1976) and costal (Iwata, 1969) cartilages.

16

fMurata and Bjelle (1976) have reported the presence of the non—sulfated

el



component in a chondroitinase digested fraction of ChS from pig
articular cartilage. 'Howener Qery little information is ayailable v
.regarding tbe changes in thia«component with age..

The analysis of GAG revealed the presence of.CHS, ﬁA and
KS in the articular cartilage'of pig femoral condyles (Fig. 5).
The age related decrease fOund in the uronic acid concentrations
of 6.5 M and 1.5 M NaCl fractions’ ia_associated with decreases in
the concentrations of HA and éhS resnectively (Table 4). The
increasing hexose:uronic acid ratio with age suggests an’increase ’
in the proportion of KS in the total GAG (Table‘é). Similar cbanges
'in ChS and KS of humanAcostal cartilage have been reported (Kablan | ﬁ
and Meyer,b1959),bwhereas there is very limited.inf%rmgtion available |
on the age associated changes in the concentration of cartilaginous :
HA. - .The concentrationa of KS and HA were very'amall{ H&aluronidase
vdigeation_andvioq;exchange chromatographic profiles (Table 4)'indicated' ‘; '
vthat‘thebproportion ofqis (resistant to hyaluronidase) is less'than
12 of.the total GAG.  The ion—ekchange chromatographic profiles also
indicated that HA accounted for an average of 1.7% of total uronic
acid (Table 4) The presence of HA in pig laryngeal (Hardingham and -
‘Muir, 1974), the horse nasal (Szirmai et al., 1967) and whale nasal
(Seno and Anno, 1961) cartilage has been reported to be apprdkimately
0.7, 2 to 7 and 2% respectively of total ‘GAG. .Although these quantities.
are small HA plays an important role as the c:re polysaccharide to

which proteoglycan subunits covalently bind (Hardingham and Muir, 1974)

Thus the chain length of HA or its- binding ability to proteoglycan



o

, . . . y
subunits affects the molecular siie/pf/:he protevglycan aggregate.

Visual observations of abnormal joints indicated that
osteochondrosis is mainly manifested as a disturbed endochondral
ossification, and softening and fracture.of the cartilage. The

incidence of osteochondrosis was found to increase with increasing

.age and liveweight of.pigs (Table 1). Similarly_Grondaien'(1974a)

in a study involving Norwegian Landrace pigs ranging in weight from‘
10 to SO-Lg reported that with increasi;g animal weight the incidence
of osteochondrosis igcreased from 10 to 78%.  These observations
together with the reduced slope of the weight bearing surface (Fig. 1)
observed in the osteochondrotic femoral condyles suggest that the

incidence of osteochondrosis is highly related to increasing body

weight of pigs.. Previous reports have inplicated'a°number of causa-

/ o ' ‘ :
tive agents such as rapid weight gain, conformational abnormality of

joints, insecure footing on slippery concrete floors, and muscular

weakness due to lack of exercise.(Vaughan, 1971; Elliot and Doige,

1973; Grondalen;.1974b) ‘ 'These;faetors possibly cause a disturbance

. of cell homeostasis in ‘the cartilage. Histochemicallj the cartilage

N e ﬂ
resulting in a failure of endochondral ossification showed cell

necrosis and avloss of GAG; However, at ‘the present time, no
concrete suggestion can be made as to the pathogenesis of the
condition‘ B . ' . o

Histochemical examination.in his study indicated that

softening of the cartilage was associ ted with a loss of GAG.

.This observation is consistent with findings of Sokoloff (1966).
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The importance of GAG in the formation of a firm gel of cartilageA

matrix. has been suggested by Kempson et al. (1970) and Meachim and

Stockwell (1973).

The cartilaginous tissue found in subchondral bone (Fig. 4)
S
showed both high cellularity and an intense GAG staining reaction,

suggesting immature cartilage.‘~ However, very little is known;of‘

~ the formation of this tissue. The fibrocartilage observed in the

advanced osteochondrotic joints appeared to have been formed for

tissue repair as- suggested by Howell (1976).

Local depletion of GAG in the fractured area of osteochon—
drotic cartilage ‘was observed. Similar GAG depletion has been
reported in the degenerative articular cartilage of humans (Bollet:
and Nance, 1966; Byers et al. 1977), and dogs (Lust and Pronsky,‘
1972) It is generally considered that cartilage degeneration is

a focal process (McDevitt, 1973) If the area of GAG depletion is

_small it is possible, as was observed in this study, €hat uronic

- acid concentrations were similar between cartilage samples collected

" from visually normal and early (or advanced) osteochondrotic joints

when analyzed on a whole femoral condyle basis, or. when the cartilage

was not separated into superficial “and deeper region. This may -

partially explain the findings ‘of Simunek and Muir (1972b) who studied

pig knee joint cartilage by pooling femoral condyles and patellas

within a normal or lame group, and reported that there were no differ-

—~

.'ences in the tissue uronic acid concentrations between these groups.

In this study it was also found that the pannus region was associated



“with a ldss'oflGAG. This is consistent with‘the‘findings;of‘otaka‘
and Watanabe [(1974).

. The proportion of 2M CaCl2 soluble proteoglycan in the cartilage
was higher in the advanced osteochondrotic joints than in the early
- osteochb;;;otic‘and Visually normal joints. Simunek and Muir“(1972b)"
reported'similar differences inlsolubility between the proteoglycans
from lame’and normal pigs. Tnese researchers, using gel—chromatography‘

also observed that proteoglycans extracted from the joints of lame pigs

- were smaller in molecular size. To ébcount for these findings, they

suggested participation of lysosomal enzymes which attack proteoglycans

of the cartilage matrix.

There is 1imited information availablevon the unsaturated
disaccharides of ChS of degenerative cartilage. ) The results obtained
-'in this study indicated that. osteochondrotic cartilage contained
: higher;pronortiOns:of 6QSulfated and lowerlproportidns of.A—sulfated
eomponents.' .These.cﬁanges uay: eithe result ;ft 1) an abnormal :
ptOcess of sulfation on the ChS 'hain, 2)-a»decreased synthesis of
.é—sulfated disaccharzdes,vor 3) a transfer of sulfate group from the'
.4 to the 6-position Further research on ChS biosynthesis in the |

degenerative cartilage_is,needed in order tq resolve these questions. -

T

Y A
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Table 5. Uronic.acid concentration of car;ilag‘“from'osteochondrotic ¥
. and visually normal femoral condyles ’
- < . o
- , " Number of - ~ vronic acid
Tissue : . _ ' tissues analyzed (mg/g dry weight)
Early osteochondrotic cartilage from : { S
20 week old boars*.‘ ‘ // i , :
. ! ) 5 R t . .
*  Without superficial fracture. 3 55.512.0.
With superficial fracture. : . ! '54.0 |
: !
Advanced osteochondrotic chrtilage \ o
from 30 week old boarsfis .
. ° . \ -
. R
.Practured site . ‘ 1o - ] o
‘Superficial region . » S5 o 18.5
Middle and deep region - L. i3 38.446.5
Deépest region of the tissue of- T A A
abnormal. 0551f1cation . _ 2 _o21.1
Fibrocartliﬁge ‘ ‘1 15.0
. I ‘ S g
Nqn-fractured site 4 © 52.3%5.5 L ﬁ;
" visually normal cartilage from 30 week ) -
- old boars¢ - - ¢ . .
Superf1c1a1 reglen g _ B ' 3@ 51.3:3.2
Middle and deep region : T ‘ 3 T 54.012.5
Whole thickness . . ' o 3. . - 54.311.5
Samples were based: on whole femoral condyles. l ' ' o
¥ Standard devxatlon..' _ : L
§ Samples assayed were ggproxlmately 3 mg dry welght a6301n1ng those used
-« for histochem1ca1 analysls and demonstraclng a weak stalnlng reaction
for GAG. o - . . e
£ Whole thickness of cartilage was analyzed. .1 5, )
+ Sampling sites were. similar to corresponding sites in advanced
osteochondrotxc cart;lage. R : _ o o ‘ e
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Fig.l. Transverse section-of fenorél ccmdyle; showing diffefent
morbhology of weight bearing surface. ‘1:Viéually nbrmal b<')ne

from'a 20 weék‘old boar. 2-Osteochor‘1d¥:otic( early stage) vbo.ne

frcm a 20 week boar. 3: Osteochondrotlc (advanced stage) bone fmm a

30 week old boar f: J_nte.rcondylo:Ld fossa. s:sumit: of medial condyle.

Arnpw J.ndlcates the site of a failure of endochondral OSSlflcathI’l.

o

Fig.2. Section vertlcal to the artiqu.ar surface from osteochondrotic

ca‘xf—ilége. a: Deep layer of cart.llage w1th mtense stammg reaction

‘ vof GAG and nuclear matenal b: Cartllage resultmg from a fallure

of endochondral 0551f1cat10n Cells are necrotlc and GAG stalnmg

reactiaon 1s neghglble. .- c:Bone. SectJ.on was stalned with- safran:m-o

fast green and 1ron—henatoxylm ‘Scale bar = 0. 15 xrm
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Fig. 3. SectJ.on vertidal to the articu]ar sufface fmn
osbeochmdrotlc cartllage with a superf1c1al fracture. The tlssue
-shows weak staining react:.on of GAG. Tissue flbrlllatlon cell

: clustermg and a loss of cellularity are also observed. Sect:.on was
. staJ.ned w1th safranm-o fast green and :Lron-hematoxylm.

Scalebar 0.5 mm,

. B :
'Flg.4. Trasverse sect:.on of medlal femoral condyle show:.ng
.carulaglnous tlssue in the subdlondral bone.‘An:w mdlcates
| reglon of cart_llage in the subd'xondral bone. ‘Al Deep zone Qf
cartilage. B: Subchondral bone C: Cartllage partlally
oss:.fled ‘Section was sta.med with hematoxyhn and edsin.

Scalebar. 05nm=‘_ . L.
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\ .
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Fig 5 'Iyplcal electrophoretlc pattern of each GAG fract.mn on

o ‘cellulose acetate metbrane in pyrldlne—fonmc acid buffe.r o

Sample l mxtureofstandardGAGcontaJ.mngm\KS andChS

.2, 0. 5~1Naci fractlon, 3 1. SMNaCl fracuon, 4, 4.0 MNaCl

N fract:.on. :
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CHAPTER 2 .

AGE RELATED CHANGES AND DEGENERATIVE ABNORMALITIES

IN SWINE ARTICULAR AND EPIPHYSEAL CARTILAGE: . ,

LIGHT ivo I Crron MICROSCOPY
ABSTRACT

Age related changes and degenerative lesions were€ studied usingN
light and electron microscopy in articular and epiphyseal cartilage of

boars ranging in age from 3 days to 30 weeks.

Thickness, cellularity and vascularity of be*h the ‘epiphyseal and

articular cartilage, decreased with advanc:.ng‘ ¢ ¥, Degenerative
~1esions were observed as failure of endochondral OSSification,band
,separation(and space formation .in epiphyseal cartilage The incidence .
of cartilage'lesions increased with age.
Electron microscopy. showed a continuous fibrillarllayer (1amina

splendens) on the surface of articular cartilage..' This layer increased
:in thickness during grthh of animals, and showed"accumulation of |
‘amorphous material between the fibrils. V‘Collagen fibrildiameterl
| fincreased as age advanced with concomitant randomization of the fibres S,
;Chondrocytes from 3 day and 5 week old animals had a well developed
lkendoplasmic reticulum suggestiggivery active, protefﬁ synthesis. While
'chondrocytes from 10 to 30 week old animals had a reduced amount of

'endoplasmic reticulum and an increased amount of other organelles

7:such as Golgi apparatus, 1ysosomes and vesicles.

'* The material in- Chapter 2 of this theSis is derived in part from the

- paper accepted for publication in the Canadian Journal of Comparative
Medicine: Bhatnagar,R.,Christian,R. G. ,Nakano,T.,Aherne,F.X.,
Thompson, J.R. ,1981$ge related changes and osteochondrosis. in swme
articular and epiphyseal cartilage:Light and electron microscopy. et
Can J.Comp.Med. (Ac':epted beptember 1080) ‘ . o

p__L
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INTRODUCTION i LR

During growth, the extracellular matrix and the chondrocytes of

cartilage undergo a "maturation process . The underlying biochemical

lled by genetic (Silberberg

mechanisms, leading to maturation are cont
and Silberberg, 1941' Silberberg et al., 1961), nutritional, endocrine
(Silberberg and Silberherg; 1941 Silbe berg et al., 1961) and environ—
mental (Ghadfally, 1978; Perrin et>al. 978) 1influences: Morpho—
‘logical changes in cartilage vary among species as age advances

" These changes are well described in mice (Silberberg and Silberberg,
:flSQl,‘Silberberg et al., 1961 1964), rabbits (Barnett et al., 1963;

- Davis et al., 1962) dogsrfLust et al., 1972; Lust and Sherman, 1973;
Wiltberger and Lust, 1975) humans (Ghzdially and Royfﬁd96 Ghadially,
: 1978) and partly in swine (Grondalen, 1974a Nakano et al 1979a),

however no electron microscopic description of swine cartilage is

available. o S 4 o k ' : g B

It has been reported that degenerative joint diseases and leg
weakness frequently occurs in growing pigs, and the incidence of j01nt'
Alesions increases with ‘age (Grondalen, 1974a, Perrin et al 1978;
Nakano et al., 19723) The objective of this study is to study growth
‘vdependent changes and degenerative abnormalities in articular and
’epiphyseal cartilage of growing boars using light microscopy (LM)/

A

and electron microscopy (EM)

P
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MATERIALS AND METHODS -

Animals: Five groups of five newborn litter—mate crossbred
. b

(Yorkshire X Lacombe) boars were obtained from the University of
O

Alberta-herd. » One boar from each of the five litter groups, was
randomly selected for slaughter at 3 days and 5, 10, 20 and 30 weeks
of age. - Housing and management of the animals followed standard'
practice for Alberta described by Aherne et al. (1974) | L
Thickness measurements: - Tissue (3 mm wide) containing

visually normal articular and epiphyseal cartilage and

bone were removed from each site of»the.right proximal femur and

- .

'distalhhumerus as shown in Fig. 1. The measurements of articular

cartilage‘thicknesswerenmde on sites shown in Fig. 1 using vernier

o

'calipérs.' The cartilage thicknes;.eas also. measured in the middle of

theepiphyseal cartilage in each section.
Light microscopy. Tissues-used for thickneSS'measurement were .
fixed in 107 neutral buffered formalin deca1c1fied fixed and

dehydrated in ascending c0ncentrations of ethyl alcohol, cleared in _'

xylene and embedded in paraffih. Sections (6 microns) were stained

- with Harris hematoxylin and eosin. Cellularity and vascularity

" were determined using scores from 0 to 3 (0: none, 1 lbw, 2; medium,

3 high)

-

3

' Electron~microscopy: Articular cartilage samples (1 mm) from
thé left proximal femur and distal humerus were obtained in duplicate

from the sites shown in Fig 1, and fixed immediately in 3% glutaraldehyde.

: buffered with 0.05 M sodium cacodylate pH 7. 2 for 2:h at 4 C. The

s
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: analysis of'Variance.': Significant differences among the age means .

' RESULTS
”,thickestin 3 day old boars and gradually decreased (pgoO. 05) in thick-

-'also decreased (P<f0 05 Table 1) as the age of the animals ’ _ .

' bone appeared in the epiphyseal cartilage from ‘boars 10 weeks and

'tissue was postosmicated dehydrated, and embedded in Epon 81f by
routine methods. One micron thick sectigns were stained with

toluidine blue for orientation of thé block face. Ultrathin
sections were stained with aqueous‘uranyl ‘acetate, for lh at room - '
temperature'and Reynolds' lead citrate (Reynolds, 1963). for 2 minx .

Some sections were stained either with saturated methanolic uranyl

* acetate or 47 phosphotungstic dcid, to enhance the ‘contrast of

collagen fibres. Sections were ‘examined with a Philips 201 electron
miCroscope. The microscope wasvcalibrated, using a grating con-
taining~2160 lines per mm.

: Statistical'analysis§ Age.related changes in cartilage thick- | ’

ness, cellularity and'vascularity were annlyzEd statistically using

were determined using Newman Keuls‘ multiple range test . (Steel and

Torrie, 1969)

B S SIS

3

. Light microscopy' The articular and epiphyseal cartilage were

,
FECTON L0V S ST

niess: as age progressed (Table 1) The cellularity and vascularity

increased . Eosinophilic streaks parallel to the long axis of the

‘older.,- Occasionally separation of the'cartilage'with the appearance

n
. . E B
\ . R
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of an empty space (likely fluid filled) occurred adjacent to the

- . o Q
distal femurs in a previous study (Nakano et al., 1979a).

eosinophilic streaks, some of which were associated”with atrophic

blood vessels. Separation and space‘formation was also noted in

- some aamples between the columns of chondrocytes in the epiphyseal

cartilage. Such separations were seen in none of five pigs at 3

days ‘and 5'weeks, one of five at 10 weeks, five-of five at 20 weeks

-

and one’qf two at 30 weeks. Articular cartilage lesions were not

examined hiStologically in this study bntvwere described in the

>

-The proximal femoral epiphysis of one 20 week old pig had

A .
extensive separation (Fig. 2) of the cartilage in the middle of the

o

proliferating zone. Cartilage cells proximal\%o the separation were

_proliferating into the empty space. Primary spicule formation was

continuing into themetaphySLs from the cartilage on the distal side

of the separation i Fracture and separation of primary spongiosa.

.
occurred in one. area’ below-intact‘cartilage adjacent'to the separatibn;

’

Occasionally focal zones of ossification failure (osteochondrosis) . :
A

were present in the epiphyseal cartilage of several pigs resulting

.

in overgrowth Q& cartilage (Fig 3).

L : ) .
Electron microscopy. The surface-of the cartilage was covered

w1th a randomly oriented layer of fine fibrils, 6~9 nm in diameter

(Fig. 4, 5). This layer increased in thickness with advancing age

and also showed a loosely aggregated amorphous material between the

Q J

.fibrils which formed a felt like appearance (Fig. 6). Collagen_in_ C.

A .
the matrix showed morphological variations mainly in thickness and
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orientationqofCtherjbrils. In 3 day and 5 week old boars, thin
fibrfls vere arranged parallel to the surfaae (Fig 7) and were
approximately 30 nm in diameter¥ While in 10 to 30 week old boars,

'collagenl Hyrnhwwere oriented randomly (Fig. g ) and thickened fibres -

tof 70 nm diamter with 60 to 70 nm periodic banding were also present.’

The matrix often contained evidence of necrotic cells as

indicated by vacuolation, accumulation of'electron_dense material,
myelin_bodies (Fig. 9 ) and cellular debris (Fig. 10). Membrane

bound bodies containing glycogen particles and a few stfands of rough
endoplasmic reticulum (RER) were commonly seen, especially in the ‘
chondrocytes from 20 and 30 week old boars (Fig 11). The eosinophilic

streaks in epiphyseal cartilaoe, under the EM consisted of a narrow ,

zone of matrix which had ‘more ve51c1es and féwer fibrilsthan adjacent

Jcartilage. The f1br1lsin the streak were’ continuous with those in

the adjacent matrix and the larger spaces surrounded by the fibrils
occurred.near the empty space seen histologically ' ' N

Chondrocyte morphology changed during growth of animals. Three_
day and 5 week old boars had elongated,-spindle shaped and dividing

'cells in the superficial region of articular cartilage. These cells

_had well developed RER and several glycogen conta?ning areas (Fig., 2)._

In boars 10 weeks and older, the superficial region showed round to @

3

polygonal cells containing reduced amounts of RER (Fig 13) and other -

.weI1 developed organelles.

In the deeper region of articular cartilage, chondr0cytes were

e
’present in pairs or clusters in 3 day and 5 week old boars These cells showed

. eXtensive RER development and the other organelles were less well developed

o.
T P
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~

Cytoplasmic processes were small and prajected into electron lucent .
"lacunae (Fig. ll})\ o ‘ Chondrocyte. from 10 to 30 week old boars

had a reduced amount of RER and an increased number of other organelles -
. N (‘I kel \
including lysosomes, Golgi apparatus, vesicles, fibriilar structres |

. and fibrous lamina (Ghadially et al., 1972). Glycogen particles,
lipid droplets and protein-polysaccharide particles were easlly
. - . ' 2

resolved, and cytoplasmic prbceSses were well developed in these.cells %

1 .
A . L

‘(Fig. 15).
k)

DISCUSSTON B .oe

<
Light microscopy (Table 1) and the EM results reveal a decrease
in cell density with advanc1ng age These observations are consistent

. with reports for swine. (Nakano et al. 1979a) andﬂhuman articular
- ® 9

*cartilage (Meachim and Collins, 1962; Meachim et al. 1965; Stockwell,1967

Cell death has been: reported in normal cartilage(Ghadially,1978)

-

Its rate varies amon& species and Joints(Meachim and Collins 1962.'ﬁy

Meachim et al., 1965). This necrosis.is reflected in the form of -

celi remnants in the electron micrographs which include «ell.ghosts, .

'meybrane bound bodiesfand debris. &>Light microscopy revealed a dedreasen

£

in the number of vessels with age suggesting that the thicker cartilage

e -

of young animals requires supplementary nutrition (WOlf 1975) in

addition to nutrition through synovial fluid by diffusion

~

The 1aminasplendcns of articular cartilage shown by LM-(Barnett , , .

vet al., 1963, Weiss and Minow, 1972) corresponds to the fine fibrillar | 43

' felt-like layer observed by EM. Our results show a gradual increase

S in its thickness with advancing age, which is also reported for bovine .

ke :
S sy,
. . 2 )
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: micrometers in thickness in rabbits (Barnett et al., 1963) and dogs

(Wiltberger and Lust, 1975), however no description of»age'related

'changesnare available.“ Balazs et al. (1966) reported this layer to
be adsorbed protein—polysaccharides and glycosaminoglycan of the

i . Hyaluronic acid type ("adsorbed mucin') which presumably functions
R " as a. "lubrication cd;hion on the articular cartilage. Our resulés

"lubrisation cushion o ST

“The collagen fibres in the matrix changed in size and distri-

a

bution as the cartilage matured. Primitive thin collagen became

imp}y that as the animal grOWs older and heawier, it requires a thic"

43

1,

A~articu1ar cartilage (Balazs- et—al—~—1966) »»»»» Thelamina.splendens 1s- 0.2 to 0.3

thicker during growth showing clear evidence of sub-banding ~Similar

-,,-

' age related changes have been reported in mouse (Silberberg and Silberberg, .

R 31941’ Silberberg et’ al., 1961 1964), rabbit (Barnett et al. 1963

Dav!s et al., 1962) dog (Lust et al,, 1972 Lust and Sherman, -1973;

£

_Wiltberger and Lust 1975) and- humathGhadially and Roy, 1969) cartilage

The eosinophilic streaks in epiphyseal cartilage have been assumed

T'to be cracks(Reiland 1978) but there was no evidence of fracture in

l'streaks examined”by EM. This streaking is due to less dense fibres

L} -

v and larger vesicles and may represent weak areas in the matrix structure

'f locaI defects remaining from blood vessel atrophy

. (

':ﬂfand disappear_”ce as the cartilage matures..:f. S

“-.]'\Yf7~ifchanged with age. The younger animals had well developed RER -and
Y Lo ) o e . )
' >variab1e number of mitochondria, nucleoli and vesicles, indé;ating

%fjh;?tlj;jfactive ptotein synthesis. ‘I the older animals, the amo

Organeile contents and distribution, in th&\‘artilage cells, h -

CRER ¢

&,@I&
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;edvanciﬁz’age of animals as was’ reported by others (Grondalen, 1974a,

~

! - 4. [0 . . _ X
e e e e e e e e e o

AT o ) ’(
decreased and the number of other organelles such as Golgi apparatus,

) lysosomes, and vesicles increased. These observations suggest that

chondrocytes are in different synthetic cycles as maturation proceeds,'

ealthough it vas not uncommon to find active protein synthesizing tells

V)

in mature cartilage. The cytoplasmic processes of the chondrocytes//,_\

{ -

1A older age groups, appeared to be involved in pinocytosis (Ghadialiy

et al., 1972) with the release of vesicles. These vesicles contain

intramatrical lipid debris and a complex distribution of protein-

BEN

"polysaccharide particles (Ghadially, 1978) ' »Q )

- .
Epiphyseal cartilage lesions were mainly observed as separations §

and$space formation The incidence of these Iesions increased with

¥ N

“Nakano et al., 1979a, Perriu et al., 1978) "The severe lesions observed

0
vin the-prokimal femoral epiphysis of one p%g represents the earﬂy
SN

_flesion of epiphyseal 1ysis whichacan cause lameness if~epiphyseal

separation occurs. Epiphyseal lysis and slipped upper femoral ;
epiphysis occurs in yoqu humans especially during prepubertal rapid

qgrowth (Mbrscher, 1968) ?iIt may ‘be that the traumatic forces (Grondalen; .

1974b Jussila and Paatsama, 1972) applied ‘to the epiphyseal cartilagev

at the site of empty spaces near atrophic blood vessels or at eosino-)'

philic steaks cause further separation and epiphyseal lysis.ﬁ. Lysis:

AN

: 3 of the epiphysis occurs with osteochondrosis in swine (Reiland 1978'

Whlker et{al.. 1966) 2 u'xlh R _'." i 'vff;’ - “,;r'>_4
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Fig. 1. Pré:&imalfamzr(a ) ;na ais£a1 hunerus (b ) showing -
© sanphng sites of tlssues The 3 mm thick sectmns were; obta.med
‘by cuttmg the double ].med area of ‘each ]omt. Arrow shows the site
of measurenent of articular @rt.llage thlcknas. Gany_f&&s for TM study
'_weretakenfranﬂmsn.t&emda.catedmﬂm'-f' ‘ o
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\

Fig. 2. Proximal femoral epiphysis of 20 week old pig with
extensive separation of ﬁle cattilage in the middle of the proliferating

zZone. %x50.

/ o
A

Fig. 3. Cartilage from 10 week old animal with a 2one bf ossification

failure in the epiphysis,resulting in overgrowth of cartilage. x50,
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Fic_}. 4. Surface of articular cartilage from 3 day old animal showing

L]

lpoorly developed lamina splendens ( arrow ) and immature collagen.

Fig. 5. Surfaceof articular cartilage frcm 10 week old am.mal

layer ( arrow ). Co‘il_ageh”fibr"es, are =

oriented parallel to the sucfade. ¥15000. .
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o Fig. 6. Surface of articular cartllage frcm .30 week old anlmal\
showmg thlckened £ibrous layer ( lamina splendens: ). A -loosely .
aggregated amorph0us matermal is present between the fine f]brlls, B
formlnq a felt—-llke appearance. e o ' §
Arrow indicates ‘dlrectlon tau'ard the artlcular surface. x15600.
% . B
X N
- 'Fig. 7. Cartilage matrix fram 5 week old animal. Thin -/

collagenfib_rils are aligned parall”el'_ to the a\r'ticulavr“ surface.

L

- Arrow indicatés direction toward . the’ afticular surface. x29000.
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Fig 12, ll in ﬂue superf1c1al “zone of . oartJJage frcn 3 day ola ‘1
animal, showmg qxtenslve RER, few mltoduondrla ( M ) a.nd ypty
glycogen contam:mg (G) areas. x7000.. L L ""“%fﬁfii":; T
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: ‘Fig. ‘13. Cartllage fmm 10 week old animal shcw:.ng well
developed organells and reductmn J.n RER cmpared to cartllage

fran 3 day old am.mal x10400.
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Flg. 15. Cells in the deeper reglon of cartllage from 30 week
v— old ammal shmng well developed organelles and mcluslons.

Foot proc%seﬁ are also well developed and _same appear in the form _

. of vesmles ( arrw IS x90800.
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CHAPTER 3
- CHONDROITIN SULFATE DISTRIBUTION ‘IN STIFLE ARTICULAR _
‘@ CARTILAGE OF SWINE
l - ,b J»’*!’ : ! |
~ - E : .
‘." 9 ":" .
A RACT
Chondroitin sulfate (ChS) was determined histologically and
- ¥
f»chemically at’ seven sites from four selected areas of dista “femoral
barticular cartilage from each of five 90 kg boars. , The concentration

' of ChS was higher (r 0. 05) in the force bearing than in the non-force

.- )

bearing areas of the cartilage Site differences in cartilage thick—

“nesS*and collagen concentration were also observed.

M

B

. INgRODUCTION o %

Chondroitin sulfate (ChS) is a major glycosaminoglycan'.

component of the intercellular matrix of cartilage and contributes

.”to maintaining mechanical strength f the tissue (Kempson, 1973)

. Nakano et al (1979) have reported:that ChS accounts, for more than

.98% of the total glycosaminoglycan content of the femoral articular o

cartilage in the stifle joint in the pig The concentration of

ChS is frequently used to evaluate the soundness of articular cartilage R

-

- i .
. -

-~

c & The material in Chapter 3 of this thesis has been«published as.a

"+ note in' the September,,1979, issue of the Canadian Journal of .
.Animal Science: - Nakauo,. ‘épAherne, F.X. and Thompson, J.R., .
1979. Chondroitin.sulfate distribution in' stifle- articular.
cartilage of swine. Can. J fAnim. Sci. 59 627-629 L

<




(Mankin et al., 1971). However studies of 'huban articular cartilage
(Bjelle, 1975) have shown‘that ChSlconcentration varies at different
:sites in the. articular cartilage of joints. Bjeile'(l975) demon-

‘:strated that ChS concentrations are higher in cartilage taking part o

~

’in articulation and presumably Subjected to’ greater force ‘than non~
articulating cartilage. No such studies have been reported ‘for
‘swine, Therefore, this study was undertaken to determine the con—
centration of ChS in the force bearing femoropatellar and femor-

| otibial surfaces and adjacent non—force bearing surfaces of tire distal

femoral cartilage of swine stifle joints. This joint was selected

.
: because of the relatively high incidence of abnormal cartilage found

in the articulating surface of the distal femur in swine (Grondalen,

-

'.',_1_‘1,97_4; Nakano et al., 1979).

- MATERIALS AND METHODS . 4 ; AT R - o
Five Lacombe X Yorkshire boars reared under a standard con- ¢ '

finement system, averaging 90 kgvand 5 0 months of age, were slaughtered

.

~by mechanical stunning and exsanguination.'i None of the boars displayed
'VTsigns of leg weakness. \ After slaughter, one femur was dissected from

“ijeach animal Transverse strips of articular cartilage (4 X 7 mm) were

' Lt

"gremoved from seven different sites from four areas (I to. IV) of each
distal femur free of cartilage damage, as shown in Fig.gl.f Each strip

*,thtwas dividéﬁ equally along,its dongitudinal axis for histqlogical and

":t.chemical analysis.~a art}lage thickness was meaSured at the centre of ‘Nx

E ieach half of each strip using Vernier calipers.ff



e In this study areas I and III ‘are termed force bearing areas
while areas II and 1V are termed non—force bearing areas. Areas I
and III are located in the center of the femoropatellar and femor- .
otibial articulating surfaces respectively and are considered to be
subjected to considerably more force than the adjacent ‘areas II and
IV which are not normally in contact with the articulating surfaces
of ‘the patella or tibia. | S - )

Histologjcal determination of ChS and collagen were performed -

‘using‘safranin 0: fast green “and iron~hematoxylin as described previously
(Nakano et al., 1979) Safranin 0 is an™ orthochmmatjc dye which
_selectively stains glycosaminoglycan. The intensity of the color is
'-proportional to the glycosaminoglycan content of the. tissue (Rosenberg, ' cj
»197L)' | The amount of ChS and collagen were indivijually evaluated |
.using scores from 1 to 7 (1 none,_3; small‘amount,95: medium amount

;7 large amount) For chemical analysis, acetone dried samples were

'“analyzed for uronic acid and hydroxyproline as reported previously

Jfﬂ(Nakano et al., 1979) : The concentrations,of ChS and. collagen were .

'?_calculated by multiplying the uronicmacid concentration by 2 86 (Kempson v
‘_et al., 1970) and .the hydroxyproline concentration by 7 (Simunek and Muir,

1972),-respectively. Analysis of variance and Newman'Keuls multiple

'7i{range test (Steel and Torrie 1960) zife used to detect significant

}3_differences between means.'Lﬂ

PN

A
.-

: :.‘gESULTs,' AND ’DI,SP,‘JJ:.S_ 0

,f;f: As shown i';Table 1 cartilage thickness didﬂﬁot differ
';ysignificantly betweEn the lateral and the medial sites!ﬂ@ each area.“'i

. . X



" The thichness was significantly (P<’0.05) greater‘in the force |

’

e

bearing (I and III) than in the non—force bearing areas (II and V)
with the exception that there was no significant difference in
cartilage thickness at ‘the medial sites of areas I and Iv. Though :
_ data concerning area differences in the thipkne;s of distal femoral

cartilage of swine were not found in the literature, it is generally

suggested that articular cartilage is.. thicker in the force bearing

’ areas f a joint (Barnett et al., 1961) No significant difference

was’ found in the thickness between the two force bearing areas (I and
III) or’ between the non—force bearing areas (fl and IV) ,There %

alSo no significé‘pidifferences in histological .scores or concentl.

(& g

tions of ChS and collagen between the lateral and medial sites of

each ared. Similar- observations have been reported for the distal

-
;-!‘1

femoral force;bearing -and non—fgrce bearing .areas of cart:“age of

_ humans (Bjelle, ‘1975). . The histological score for thS was higher

(P<0 05), and that for collagen was lower (P( 0 05) i‘n. the force
bearing (I and. II&) than in. the non-force bearing (II and IV) areas N
with no significant differences between areas I”and III or II and
IV.”’ This is consistent with the chemical observations (Table 1)
except that,there were no significant differences between area 1

and the medial site of area IV for ChS concentration or between the

medial and lateral sites of area I ‘and the medial sites of areas
\

- III and IV for collagen concentraeien——-*Similarly—BJelle (1975),-

in a study oflhumah distal femoral articular cartilage, reported

PN
1

higher concentrations.of ChS and lower concentrations of collagen
“1 “,\ . k

n", -

in cartilage subjected to maximal load thaﬁ“Iﬁ the non-force bear—‘

ing areas of artisular cartilage.

DTS T e v RPN PR , - L
LT e N R ,k R N aret R ! .
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" “The resul‘ts"‘obtained"ih"t‘hi’s' ‘st’udy‘“iﬁaiéate‘ that articular
cartilage is thicker and contains greater concentrations of ChS and -

' smaller congentrations of collagen in the force bearing than in the

_,p E

non-force bearing areas, This reflects the significance of ChS to
‘the force bearing and shock absorption properties of joints as suggested
by Kempson (1973) » There were no significant differenceS»in cartilage
thicknees, histOIOgical score or concentration of ChS or collagen
between the two force bearing areas, though area III in all likeli—~
“hood is subjected to a greater force. - The observed non~significant
differences in cartilage thickness and chs concentration between. the
1ateral or medial"sites of area I and medial site of area IV (Table

Tl) suggest that in area IV, the medlal site is more involved in force

bearing than is the lateral site. ' .
s
< ’
. » -
v ’ 3
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2. {R 3 2
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T ‘@c'rs OF- FEED ﬂsmlcnou SEX AND DIETHYLSTILBESTROL ON 3
€ - f,,v . - e "' ’ .
) g@jﬁg@s OF JOINT LESIONS wrm ,SOME HISTOLOGICAL C ‘
y . R . o
'AND- BIOCHEMACAL S'KUDIES OF THE . ARTICH.AR @ARTILAGE OF. «: ‘ .
T B L
R GROWI!E—FINISH SWINE- L o \', s -
'1‘ ° o ; ;ﬂ'w. G !
i * ,'»:_,- Forty crossbred ptgs were reared‘@gm 28 go 90 lé% l&v‘eweight
Yoo mey S X
3 “¥to- stud)' the effects of feedu inta{ke, growth9 rate, éex and cﬁé‘t!r
. e < & ;
f", %strogen on the incidence and severit“? oﬂ 1ifnbﬂ join’t abnormalities.
e . 4;5
. b . --Q
D "No sighi?icant treatment effects were obq g, However asl pig’g s
. ) ,-.‘-'_‘..';... 5" s
"ugg.,__' showed some degree of osteoehond—tdc 3T Qo arthrotic lesions.
e a ‘.ﬁ S .‘ Q "x'.i' ; ';T'F S ’ o

Osteochondrotic Joints exhibited@ thickening of articular carti age

.
ad?failure of endochondral ossification. 7( The latter wa?associated o

- ._/ - &

w:l* cell necrosis, reduced amounts of proteoglycan and cq.}lagen )

:I.n the tissue, and ﬂecreased percentage of releas‘ uronic ac.id by o

.".7

tissue autolysis. Oste bhondratic jo:l.nts also showed a loss of the

" * proteog:ycan or had cleft vin the deeper region of the artic.ular

5’ :Vethylstilbestrol" oft’
e histoiogicil and
) o




.
g

W

: abno%malities and leg weakness (Point‘lllart and Gueguen, 19&8)

endochondral osgification. (osteoc.hondrosi_ ar

rate than gilts or barrows (Wong et al., 1968) L Level and type

: of sex hormone may also be involved sinte 1n male mice, castration

known about the etiology of the condition. 5 Rapid weight ﬁin of

e '“w -2 N S
o L rg .. S : i
.. ’ .\ : o W ; .

| g a T e ‘

) l . ' . e

e . L . - S

5w oy e \

Lo . Foooox 3 - w

'

»u-_—éﬁrtilagef— Connectiveyetissue lzas frequently Found- with:tn the

o “’ .

.r
-

_&ode‘rﬁ swinegare ﬁighly susceptible to*degenerative joint ‘

? o

b Grondalen (1974a) suggests that leg weakness ;‘sults from abnormal

Y

d non-in’fect :l—ous

’% .» N A .
'_'iculs.r,. cartilage (osteoarthrosis) Li‘ttle .is h

the pig has been suggested to be a contributing factor (Reiland
N
1976) : Grondalen (1974b) reportgd that the incidence and seirerity ),.

L a———
Ny

of knee and elbow joint 1esions was higher in boars than dn, glits. )

IS

This could be due *in part to the fact that boars grow at a faster

- -area of ‘the cleft. In the cartiIage beside ‘the . cleft,\cell " _f;;,'%:l, &
AU TR
clustering and a losg .of celgularity were often observed ) Involve-
. ment_‘of physictl stress was suggasted aﬁxy etiologiéal factor of
osteochondrosist e{arthrotic joints Wex‘e associated with lpcal 4
: R '
losses of both proteoglycan and cellu' w%rtiqglar carti-
L@ » P ’- O : o
lage. - Cell c],usteringl and gran,ulat T 156 epere ‘also. observed L
) PR + o 2 . ’ . 3‘1~ 4
?‘“ VT e o e L e v
n th?,affecFed) regions: ORI I SR .txf,.
Do R e T
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' synthetic esﬁ;ogen, on the incidence and sé%graiz of artiCularw

cartilage leéﬁons in growing—finiﬂhing pigs Hbrphological

S X

Sevcrai studies oﬁ leg weaknes'-wf;

N

of swine have been published (Grondalen, 1974a, Perrin and Bowland,
‘a

1977; Perrin iet al., 1978), but there. is limited information avail—

i
ablé concerning the-histological and’biochemical characteristics

A

'of articular cartilage 1esions of swine.

'me :

This study was designed to determine the effects of feed

restriction, grthh rate, sex and diethylstilbestrol (DES), a "

Vo
W a

s ,’1

histological and biochemical studies of normaL,and abnormal carti-;
e lage tissubs gere also undertaken. ?ﬁ” _ : R
‘0_. -"Q ‘ . . 0' “ ” . ‘.. M ~ - " : ' ~ . . . .. ">. .A(“,
v A,‘. ,‘ 1 -v '4- L . ) X ’ . ' ‘ “ . ., ,-' : . §
. MATERRALS AND METHODS “ % e AR
0 D T T : B
- h":;;s"‘ ; SRR R -

'y

- ! B

'fAeight gilts) of , average initia}'yeight of 28.4 kg ware assigned

0

All pigs were judged to be. fr/e.from lameness at.the star ofvthe

lpq' e .
experiment,~ The.pigs were, houset in‘groups of four/in con"

» -

roored pens (2. 4 X l 5 m) with straw used as bedding. 'Barn
temperature was: maintained at 20 C* Eight barrows, gilts and ,
bgars were fed afstandard grower diet (Table 1) ad 1ibituh

Another eight boars were individually fed the same diet at’ 70%

. B’
*{oint cartilage leSions

75

s of the feed intake of the ad 1ibitum fed boars. i For the remain-_“'; i

> A\
ing eight boarsz DES was mixed with the diet at a 1eve1 of 5. 5 mg

R u:-

':5‘ per kg diet, and the diet was fed ad libitum Water was availableigfv;a.g.l



R '
— ..,,.L.ad,uli-b-itum. Weight gain and feed intake were’ recorded ‘weekly. L
.- The locomotory condition of each pig was evaluated before the pigs _
vwere slaughtered at 90 kg I’iveweight using a- subjective scoring - o
s,ystem accor‘%ing to tl;e following :cale. o ,é,,' ’ |
| Wr e = Normal \ ' " ) ’ ‘ '." . o T %
g’o' . 1~ 3 = Slightly to: markedly sﬂiiff R ' ' ‘ '» | o A
_".‘_ SR 4-5 = Slightlyﬂto markedly lame - - |
- :' ' After slaughter, all limb joints were opened and visually . N
u""’ fhd for’ soundness of articular caﬁglage. ‘o. evaluate the ‘ ’
\ . “"_j‘f&of cartilage abnormala,igs,v 'éectlive. scores\ (Oi to 5) were
) ,‘ usedx accordin‘g to’the following criteria""é. ‘ ' 3; J - . ~
B ) L X 0"3 Smoo)th and free of - lesions 't”""» ‘:'.'”‘ - ; W
s 7?55’: o 1‘-3 Minor to moderate evidence of di.stur'l’:‘ed . | * . "
. eng,ochondral ossification and/or nresence S S e
: of cartilage grooves og.'erressions . A" .. i _
@ﬂﬁ  4-5 - Moderate ;o*Severe disturbance of eQio-— - :‘ L
- | chondral osSification often including “ 5 ‘ “
. : | cartilage clefts,qandi iocal loss’or , , v
«:' , o superficia} fractures of“ articNI‘ar ._‘ } . ' ’
\ L cartilage. ; - -
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Cartilaéh scores were compared only- within the same type of joints

e e

~ “and” nof’between different jo types._ Transverse strips of

L N . "l LI
caitilage (2 x 5 “mm at the articular surface) were separated from

subchondral bone at the’ central area -of each mcdial femoral condyle:V
g

:: and their thickness measured using vernier calipers.. Two ure-—

'_ments were made 'in each strip and an average wasqcalculated.,~\lhe,:

?,'.

H'§éctions,7 p thick. were’ cut, vertical to»tﬂpﬁlﬂh&cular surfage and stained

"with ifgn hematoxylin faat green and safranin 0 (Lillie, 1965)

N 'l"-“ v T

X :
measurements did not include thickened regiqps ‘of. cartilage causedol
3 - Y I A

LS Col

by disturbed endocHﬁ"ral ossification;‘h,tp'. ff%5’§f'. e ]

Y \" r*" rdl - L2 .._1-. . ' Bd

For istological analyses,isamples oﬁ articular cartilage
. . D‘ v
and subchondral bone were fixed‘in 10/ buffered formalin, PH 7 3
e e & -
>They(Were routinely ptoces“

N~

"7 ’Iﬂ'

“v,

'75'

LY ‘.b}]

‘-erhese dyes stained nuclei, collagen and proteoglycan (a major

‘”component of cartilage matrix), respectively. All Iimb joints

e

'-'were then stored in a freezer (130 C) until used fon hiochemical*«

. tanalysis.'ﬂ"ff .',.4 :_;;ii*”-:nl';‘f‘~‘

e _adjoining subchondral bone) were taﬂbn from either hormal medialu

!

Tissue autolysis was monitored on fresh uhawed normal and_‘

<

‘ femoral”dBndylar cartilage (four joints from three pigs) or non*"f“
g : ! .(;}1__ .

_iqaion agfas of-osteqchondrotic medial femoxalfc ndylar cartilagev"

77

Lk
P

Teow -

N "—‘ PN
R .
5

nd embedded» in paraffin !vax(nrury.,etal 1967)

’,abnormab'cartilage. Normal samples (approximately 1 . thiok Love .‘3i,-'ﬁ
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Tissues were_pgepared by finely dicing the cartilage samples

4nto apprdkimately 1 mma; and" each 50 to 150 mg of tissue was incubated

s

in 1 ml acetate buffer,;pH 5 0 at 37 C for i h (Jibrill 1967)

' Aliquot of medium were then rqmoved hnd assdyéd for*ﬁronic acid

,'x‘ a@

I\k,'

Jé (Bitter and Muir, 1962) to estimate the amount of proteog&ycan

. ossific%tion.' The abnormal tissue, obtained from 12 oﬁﬁBOvrg N

Q Do
lfchoﬁdrotic medial femoral condxles from edght pigs was cut as-

released iﬁtoiphe1medium from the incubated;tissgfs.', Total urénic
e e e BT SR L e N
acid conceﬁtratione werevestimated by pooling the released and

”

a1 o
{Lm

on

. L~

.
'y ﬂ . . .
V. . \ S e R
g*’ * R Te o R
’-‘:'- d'.'"" [P TS FUR

e . . . 4 - . B : K RV
-’ X . - Cel L n

.. Autolysis w%?palso meésuged aﬁ a. mixture of equal amounts -

@

-of normalfmedial femdral condylar cart}lage from three pigs and

\)

abnormal cartilage resultingvirom a fafiure of endochondral
» e ,}_

© 44

"*fine as possible wi;h a scalpel ‘and hom%genized in- acetate buffer -

.using a glass Potter—Elvehjem.type homogenizer with a.Teflon

~pestle driven hy an electric drill Lt 1600 rpm. : The amount of ’

'*”‘gacetate buffer used per mg of tissue was similar to that described"

. . "
‘y“above fbr tissue incubation. : Homogenization vas performed in aJr

l

?Scice bath fbr 2 min.» Tissues-were incubated using the -sanie. condi—

f tion as those discussed above and the amount of uronic acid released

'jfrom the mixed incubations was compared with that from incubations

/lthe tissué residue %ith papain (McDevitt and ﬂuir,‘”.f'T

“

R

onic acid:values.?? %he latger was determined ?ollowing ¢




o "Standard protocols (Carter,'

:4,:potassium (2000 IU/ml) and inactivated mycoplasma—free porcine _

;,1

oo,

6N HCl for 24 h at 100 c (Simuneck and Muif 1972), and hydroxy-

.

'Stegemann and Stalder (1967) w® Collagen concer&tion was

calculated by multiplying the hydroxyproline concentration by

L

a: value of 7 (Simuneck and Muir, 1972) N .

n;,,'

.'3
' ~

" were used for detection of sizaificant differences between treat—'

ment means (Steel and Torrie, 1960) ‘ ' . C .i'”

\'

Joint swabs from each of 10 selected knee and elbow joints
were routipely examiﬂed for

‘ Veterinary Services Divis

‘PreSence °£>non—fastidious bacter1§ and hemophilus species 'A,);fﬁﬂ
P> , :

specific search for mycoplasma hycrhinis and m. hyosynoviae was fh

"made using a protocol whieh ipcluded three successive passages t
) "' \ - N '
. f(72 h apart) in broth and~on agar media in a humid atmosphere of

""’4

"IOZ CO2 in air at 37 C.- Difco PPLO;brotﬁgﬁﬁse without crystal

- violet was used to which Was added kwcystei§§¢HCl (0 1% w/v),

'f.NAD (0 012 w/v :,thallium acetate: 0 IA w/v), penicillin G*‘:

. serum (10% va) Agar was prepared using Difco PPLO agar, to:

.-yhich was added NAD (O 01% w/v), thallium acetate (0 057 w/v),__,'

*penicillin G potassium (1000 IU/ml) and inactivateqpmyqoplasma-'”i

”jffree porcine serum (104 v/v) 251513}ff;;; :

proline concentration-was'determined according to “the méthod of -1f‘”

Analysis of Variance am"Ne'mnaﬁ-Keuls multiple range test _'

,
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RESULTS AND DISCUSSION = ., o

ot

Growth Performance 3
. . . - ] . L ' '
. L Performance data are summarized gf‘Table 2 : Feed Intake

. of boars fed the restricted level was 714 of that of the boars,fed . o
- ad libitum as was intended There was no difference in the feed ‘;%4@@

intake of the barrows and the two groups of boars fed ad libitum
%N‘
Tbed intake of the gilts was iess (P<10 05) than that of boar:tand

vf@f. barrows fed ad libitum but was no% significantly different from, that
2

-

Of the boars fed the DES treated/;ation. These observations are

.\- t-*
E;ff jz’;consistent: with reports of Newell et al.-(1973) excepg?that these

4

b :
9:L, authors found no significant difference in’ feed intake between gilts

and boars.- Daily gain reflected feed intake and w;s lowest (P<:0 OOl)
for boars fed restricted levels of feed as was- intended : Gilts had '

‘a slowbr growth rate (P<(0 05) than the boars and barrows fed ad

1ibitum. It has been reported that giltsshave a slower growth rate f‘

o e et

: Than barrows (Walstra, 1969) boars.(Wénge‘etial., 1968) and DES '

implanted boars (Newell et al., 1973) There was na’significant

e daily gain of any of the ad 1ibitum fed

mhere were no- significant treatment éffects'on :

difference in thf avera~

boars and barrow:

{illr
! feed to grain rat“~.-; However Newell et al. (1973) reported ! lower ;'f;,'

(P< 0 05) feed conversion efficiency for barrqws than for boars'g




'"V'degxee of joi:”

, with those of - Grondalen (1974b) ' In c0ntrast to these results,

L ulesions.~ Several researchers (e g._Thurley, 193357E§Le suggested ¢

»'-_v

Tieo the incidence of joint fesions. Grondalen and Vangen Q1974)

: studied genetically selected rapid and slow growing lines of

: ofJﬂon-significant_diffErences between right -and’ 1eft¢1egs each

“ﬁirtilage 'score was derived from an average of 16 scores from 16

Y-S

joints of eight boars.jl‘,v’ >

e

Feed restriction, growth rate, sex’ or DES treatment did not»f

om

Sanificantly affect the score for 1ocomotory-condition. Eight,of
~ the 40 pigs that finished the experiment were judged to be stifi or
slightly lame,,and were given scpres for locomotory c0ndition of

fsl to. 3 No pigs were assigned sqgres greater than 3._~ However every

pig showed some evidence of disturbed endochondral ossification or .,
Y

cartilage lesions in at least of : éxamined o
4 ! R ':" . “ I‘; ‘ o
'§‘:1 Though feed restrictio "<IO 001) reduced -
\;,, : 4 ) ‘ ” . .
Y v:w

severityuof leg joint lesions. These observations are consistent

v..
S

Reiland (1976) reported that 1owering growth rate of restricting -

N

level of feed intake dramatically reduced the incidence of joint

& m

léSions in the rapid groWing than in the slow grow-

JZﬂtsping lines. However,“it mugt be noted that the incidence of lesions

g1

o that rapid weight gain is the major etiological factor contributing ' {__
. @y

S
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growth rate contribute to the incidence of joint abnormalities in

"pigs.' The incidence of joint lesions has been studied in relation :”h e

to & wide range of animal feeding and management practices ‘such as

"

levels of dietary: calcium ‘and phosphorus (Grondalen, 1974b), exercise
v (Perrin and Bowland 1977) and floor types (concrete versus soil)

z(Perrin et al., 1978) In these studies, there were no differences

Lo

. among treatments, but very few of nhe swine were found to'be free of
. \j "
joint lesions.. Thus all of the pigs in this study developed carti—

R 14 ,v,,
‘l 4
lage lesions in their joints to a certain extent.;;, ,"b\ S
R ."".‘.,- » .

8 -

humeéﬁg, distal femur, tarSus and'

o J‘ulna, radius and femur.v The hfﬁher incidence of le-w‘ﬂ“
‘"distal hdnsrus than in the proximal radius is consistéht with;results

- of Perrin et 5! (1978) Boars demonstrated -a tendency towards
o . ¢ i
Lgreater 1esion scores and frequency of joint lesions in the pal -
. - [ . -’
femur (Table-3) This observation is in agreementiinjlthe findings '
‘.

.

. of Grcmdalen (1974b)

A The cartilage 1esions observed were desi@!‘d as being either

oéteochondrotic or osteoarthrotic according to the criter{a of

o

R

-'r

N

Grondalen (1974 ). Osteochondrotic joints showed disturbances of

Y.
endochondral ossification (Fig. 1)*while osteoarthrqgic joints had R ‘%UQ

£l

;fdepressions (Fig. 2) and local loss or\fractures of articular carti— o

' a

lage (Fig 3) without the apparent disturbance of endochondral

vossification ‘Inithe present study ostedchoﬂhrosis was most commonly

LA



' . o . A,‘ ) R , ) -
incidence in the medial than in the lateral condyles. The results

_of Grondalen '(19.74a)fconfi'rni.u this pattern. _of.utheui,uncidence of
?OSteOChondrosis. ‘The bone surface beneath, osteochondrotic carti—

lage was uneven due to a failure of endodhondral ossification (Fig.

1). Osteochondrotic cartilage tended to be thickened and there was ,rﬁ

a positive correlation (r = 0. 56 P< 0.01) between cartilage score

.- and cartilage thickness McDevitt and Muir (L976) experimentally

induced joint cartilage lesiOns in the dog by cutting the anterior

cruciate ligament of the stifle, and reported increased thi;kness.
~ of the proximal tibial articular cartilage due to the increased '
. _‘ ‘o
.physical stress on the Joint. Another morpholgg%cal character— O L e

istic obserﬁed in this study was that osteochondrotic femOral
PR s . ’ ., ’ .
' condyles showed reduced steepness of fthe slope between fﬁe caud£l¢ -,

'”summlt and the intercondyloid fossa, when compared to vi8ually ,
"normal joints. Several of the osteo&'hbndrotic joints whad small o

clefts (1 to 3 mm in length) (Fig 4) in the middle or deep regions L

-

" of. the cartilage E The 1ocatiOn of~these regions are indicated in-
' < 6 . <

o ;Fig.bé The clefts were almost parallel to the surface of Sub—' R

- .
W -

chdndral bone.» Similar observations of osteochondrotic clefts

.." P

: "have be&? repofted by Grondalen (1974a) Thesejphanges ihic@fﬁilagélrrax".A
~'”5gthickness and ﬁemorel conlear surface tOgether with the findings s
’”"fof McDevitt and Muirr(lea) suggest the involvement of thSical seﬁass ®

L e - . N Loy
,{_f; as a factor in the etiology of osteochondrosis. : v-' . "‘~-~"‘,

5"

vﬁ;ffrp;. Depressidhs of osteoarthrotic cartilage, which ranged from j,-'b : Jl
S q.‘ P - R cn ’..;’*'
5 to 25 mmz in area, were observed most frequently in the distal L A

b J. B SN L e, e {




)
:“ .
N

. iy
" humerus (Fig. 2), but: were also observed in the tarsus, metatarsus

’ -i‘

SN . '
\y, J o

~and proximal femur Local loss or superficial fractures of ’ . \

cartilage ranging from 1 to 10 mm2 in area were most frequently

located in the cartilage of the semilunar notch of the ulna (Fig.

' 3) and. in the tarsus and metatarsus. . -

° o 4

In the present study, no ‘thogenic bacteria OF mycoplasmas

. i“i » were found. inwz of the joi.nts examined Thj.s is co;nsist:ent wwith’

‘.

. I'R ‘% “% "'h‘ . 'I\
%@alen, 1974a, Nakano et alr w79).,, v A T

. R
. . . .
’ et - , . . . . a . . . 1
o SRR PR » o

K
i, e

Histological and Biochemical ’Observations Ny '; . T
FRr , N B .
’ o 'ally normal al&ticular cartilage was densely stained with“"j‘
‘. safrani i ue to. the presence of abundant proteoglycan- This ¥ E o
Ast“:\ron'g staini g rea'etion masked the’itaining of collagen in the ' y : ‘!.. "

“ar

L g
, 'matrix., Many of the cleft free, oé\:eochondrotic cartilagé samples

o

showed -a histological pattei‘n simﬂar to qhat of the superficial

"d middle r;gions of normal cartilage. ., However severalof these

1es showed dinninishgd.proteolecan staiping i,n the middle and e

g Agg regions. Cells in @he areas 'of weak proteoglycan stainfbg

’ were often pyknbtic ‘The degree to. which t incidence of pyknotic ,
cells is related to the reduction in‘ proteoglycan is not clear‘. e

’ 'However since proteoglycan is involved 4in maint,aining the strength

' :vof the carti-lage matrix (Kemp?on, ’19]3), the loss of proteoglycan .

e gives rise to weakening of the tissue, which may lead to the o:levelop-.'~

‘o

e .‘ment of t:he clefta obser\ied. ,'l‘he c‘lefts frequently eontained connectiVe k L

L ¥tissue»§1&g 4) whic,h stained strongly with »fasc gme. with a0 detectable i( "




] ot e st i ¢ ey e

safranin O colorition, suggesting that the c¢..nmective tissue consisted
primarily oﬁ_collagen'with.little proteoglycan present. Cell cluster-

f%g and a local loss of both Rroteoglycan aﬁﬁ cellularity were also

¢

observed in the»Sreas around the clefts (Fig. 5). Very little
. information is available regérding the histology of cartilag4 clefts

or .the basis of their development.

Tissue displaying disturbed ossification (Fig. 6) showed

a marked reduction in staining of both proteoglycan and n&cleér
_materia1,>suggesting reduced protspglycag 1e§els and cell neérosis.
The necgotic cells were scatte;ed indi?idually throughout the matrix
in contrast t%® viab cells which were érranged.in columns. Similar
observations in ostegchondrotic fissue were obtained previously
(Nakano et al., i879). The affected tissues alsa cpntained smaller

ﬂP‘(0.0S),cqllagen concentrations than did the deép layer of visually -

normal cartilage (275.3 + SE 49.6 versus 454.0 + 15.8 mg/g acetone

/

P4

dried tissue).

Ossification requires prior enzymatiq degradation of the

cartilage matrix (Serafini-Fracassini-and Smith, 1974; Lohmander and
Hjerpe, 1975). ‘Therefdre, the observed collagen and proteoglycan
loss in the affected tissues suggests that the hydrolytic process . v

was initiated, bht that the hydrolase activity was not adequate to
[N .

degrade sufficient amounts of cartilage to permit normal ossifica- 4

tion to occur. Hydrolase‘acfivity was monitored‘iﬁ regions of normal

N

cartilage and a%normal cartilage that resulted from a.failure.of .

endochondral ossification. The percent release of uronic acid was

I .

R L i

e L e e et

e
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. . . »
f .

approximately five times lower (P 0.05) in the abnormal (5.1 + SE
1.0%) than in the normal tissue (24.0 + 6.3%). When the normal
tissue was mixed with an abnormal tissue homogenate, the amount

B ¥ . .
.of uronic acid released from the normal tissue was 2.3 + 0.2 mg -

uronic acid per g'fpesh tissue compared to 4.7 + 0.4 mg per g for

the control incubation. These reSUlti suggest (1) that enzymatic
activity was lower in the abnormal than in the normal tissue due

'to the presence of an lﬁzyme inp}biting factor or (2) that‘there

was a fagéor in the abnofmal tissue whicb inhibited the colori-
metric reaction of hronic acid. These areas were not’pursued
further becauyse of insufficient ébnormal tissue available.

In the osteoarthrotic joints, cartilage depre;sions showed

a weak staining reaction for proteoglycan only when cartilage

scores were 3 or greater (Fig. 7). For tissQes with slight. -
depressiéns or gréoves (scorés 1 to 2), the extent of the
proteoglycan staining reaction was similar to that of visually

normal cartilage. - Therefore,?in this experi&eng, cartilage samples
obtained from proximal radii and femurs showing maximum scores of

2 (Table 3) were not associafed with the reductiop of proteoglycan
content. ‘It is not known what causes these depressions and grooves
-or whether they gisappear or afé further aggravated with advancing °
age of a%imals. Cellularity did not cﬁqnge greaﬁly witﬁ the‘degree
of cartilage dep}ession. ‘

B . !
Local loss or superficial fractures of articular cartilage

N , ~ ¢

(Fig. 8 and 9) were accompanied by a reduced staining reaction of’

e

.
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proteoglycan and clustering of cells in thevaffectedltissue.
These histological observations are simllar to those described -

' N\
for the osteochondrotic tissues surrounding clefts, Some of the

’

osteoarthrotic cartilages showed'granulation'ti (Figs. 8, 9

Aand 10) which is associated with the healing of damaged *innue.

Light microscopic observations of the granulation tissues showed
y

high vascularity of the tissue containing macrophages, neutrophils.-

N s.’
and erythrocytes No evidence of hemorrhage was observed. Intensé
collagen and very weak proteoglycan staining reactions were observed
in the granulation tissues and théir surrounding areas (Fig. 9).

oss of proteoglycan will result in both reduced weight bearlng
cguuﬁty and nutrient supply to the tissue (Sokoloff 1969;

Kempson, 1973), o - .

i



REFERENCES

L -

Bitter, T. and Muir, H.M. 1962. A modified uronic acid
carbazule reaction. Anal. Biochem. 4: 330-334.

‘Carter, G.R. 1973. Diagnostic procedures in veterinary
microbiology, 2nd ed., Charles C. Thomas Publisher,

Springfield, Illinois.

Doige, C. ‘and Horowitz, A. 1975. A study of articular
' .surfaces and synovial fossae of the pectoral limb
of swine.. Can. J. Comp. Med. 39: 7-16. .

Drury, R.A.B., Wallington, E.A. and Cameron, R.  1967.
Charleton's Histological Technique, Oxford University

Press, New York.

Elliot, J.I. and Boige, C.E. 1973. Effects of type of
confinement on performance and on the occurrence of
locomotory disturbances in market pigs. Can. J.
Anim. Sci. 53: 211-217. : F :

Grondalen, T. 1974a. Osteochondrosis and arthrosis in
pigs. I. Incidence in animals up to 120-kg
1iveweight. Acta Vet. Scand. 15: 1-25,

Grondalen, T. 1974h. Osteochondrosis and arthrosis in

pigs. VI.. Relationship to feed-level and calcium,
phosphorus and protein levels in .the ration. . Acta

Vet. Scand. 15: 147-169. ' .

*
-~

'Grondalen, T.'ghd Vangen, O. 1974. “Osteochondrosis and
arthrosis in pigss V. A comparison of the incidence

in three different lines of the Norwegian Landrace
breed. Acta Vet., Scand. 15: 61-79.

Jibrill, A.0. -1967. Proteolytic degradation of ossifying
cartilage matrix and the removal of acid mucopoly-
saccharides -prior to bone formation. -~ Biochem:
Biophys. Acta 136: 162-165.

Kempson, G.E. 1973. Mechanical properties of articular cartilage.
-In: M.A.R. Freeman, ed. Adult articular cartilage.. Alden

& Mowbray Ltd., Oxford. pp. 12A1-227.

Lillie, R.D. 1965. Histopathologic technic and practical
histochemistry. 3rd ed. ‘McGraw-Hill.Book Co.,

New York. .



Lohmander, S. and Hjerpe, A. 1975. froteoglycans of
mineralizing rib and epiphyseal cartilage. Biochem.
» . Blophys. Acta -404: 93-109. -
McDevitt, C.A. and Muir, H. 1976. Biochemical changes in
the cartilage of' the knee in experimental and natural 3
osteoarthritis in the dog. J Bone Joint Surg:

58(B): 94-101. .
. R - , '
Kempson, G.E. 197 Mechanical properties of"articular
cartilage. n M.A.R. Freeman, ed. Adult articular

cartilage. Alden & Mowbray Ltd., Oxford. pp. 171-246.
)

Nakano, T., Aherne, F.X. and Thompson, J.R. 1979. Changes
in swine knee articular cartilage during growth.
Can. J. Anim.- Sci. 59: 167-179.

Newell, J.A., Tucker; L.H., Stinéon, G.C. and Bowland,  J.P.
< 1973. Influence of late castration and diet-
hylstilbestrol implantation on performance of ‘boars

and on incidence of boar taint. Can. J. Anim. Sci.
53: 205-210. ‘
'S ’ i . o .
Perrin, .W.R. and Bowland, J.P. 1977. Effects of enforeed
. exercise on the incidence of leg weakness in growing

boars.  Can. J. Anim. Scis 57: 245- -253.

Perrin, W.R., Aherne, F.X. Bowland, J.P. and Hardin,. R.T.-
©1978. Effects of age, breed and floor type on the
incidence of articular cartilage lesions in pigs. ¢
Can. J. Anim. Sci. . 58: 129-138. e
. A
P01ntillart A.- an® Gueguen, L.  1978. Ostéochondrose et
faiblesse des pattes chez’ le pozc. Ann. Biol. Anim.

Bioch. Biophys. 18: 201-210. ' o
Reiland, S. 1976. Osteochohdrosis in swine. Magrphologie
_ and experimental studies. - Proceedings International
° Pig Veterinary Society, 1976 Congress. Amgs, Iowa,

U.S.A. le

Serafflninracassani, A. and Smith;‘J.W. 1974." The structure
angy biochemistry of cartilage. Churchill Livingstone,
nburgh.

Silberberg, R. 1971. Experimental arthrbsis. " In

) Arthritis-osteoarthrosis. Experimental and clinical
basic research. International Symposium in Zermatt,
1969. J. Lindner, J.R. Rlttner,-P.A. Miescher and

_E Wilhelmi, ed., .pp. 209-217. ) .-

89:




B A e T G M T (a8 B i g

N -

Simunek, Z. and Muir, H. 1972, Changes in the protein-
polysaccharides of pig articular cartilage during
prenatal life, development and old age. %%iochem.
J. 126: 515-523,

> Sisson, S. 1917. The anatomy of the domestic animals. -
2nd ed. ' W.B. Saunders Co., Philadelphia.
! b \\)
Sokoloff, L. ‘1969, The biology of,degenerative join

disease. The University of iq?go Press, -Chicago.

‘Steel, R.G.D. and Torrie, sﬁ' 1960, Principles and
procedures of stat ég?es. McGraw-Hil1l Book Co., .
. "' M e -

Inc., New York. ; .
Stegmann, H. and Stalder, K. 1967. Determination of
hydroxyproline. Clin, Chim., Acta 18: 267-273.

Thur}ey, D.C. ,1965. Afthropathy in pigs. Proc. Roy. .
Soc. Med. 58: 369-370.“ ' :

Walstra, P. 1969. Experiments in the Netherlands on
‘ the effect of castration of pigs in relation to
feeding level. In Meat production from entire
male animals, D.N. Rhodes, ed., J. and A.
Churchill Ltd., London. PP. 129-141.

\~—-_Hpagf\ﬁ76>,\ﬁoyian, W.J. and Stothers, S.C. 1968, Effects

of dietary protein level and sex on. swine performance
and carcass traits. Can. J. Anim. Sci. 48: 383-388.



1y L e e SRR T RS AL b W s m e v g e o b

A

Table 1. Composition of grower diet

~-

Ingredients, %

Barley ) 31.5 -

t

»

Wheat « - 50.0°

'~ Soybean meal (47% protein) = 15.0

Iodized salt N . 0.5
Calcium carbonate | 1.0
Calcium phosphate | 1.0
Vitamin-mineral premix* - 1.0,

Composition (cafculated)

-
.
f 1

Crude protein; % 16.0

Digestible energy, Mjoule/kg 13.4

.

* — -
he premix provided the following per
ngqgggiet: 120 mg zinc; 10 mg copper;
48 m anganese; 100 mg iron; 0.1 mg
selenium; 7,500 IU vitamin A; 700 IU
vitamin D3; 45 IU vitamin E; 12 mg
riboflavin; 40 mg.niacin; 27 mg calcium
pantothenate and 28 ug yitgmin By ,-
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Fig.1l. Surface appearance of subchondral hone of the medial famoral
condy le after removal of artic;ular cartilage.

A) ‘Normal: Cartilage soore,' 0. B) Osteochondrotic: E;one surface is
uneven with areas of‘disturbgd”endochondrqi ossification. Cartilage'

score, 4.-

?






Fig.2. Depression of osteoarthrotic articular cartilage in the

distal humerus. Cartilage score, 3. Xrrow indicates the lesion.
o .

PN

-

i

Fig.3. Local loss or superficial fracture of articular cartilage

in the semilunar notch of alna ( osteocarthrosis ). Cartilage score, 5.

[y

Arrow indicates t:he lesion. -
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“,. stained with fast green but not safranin-O.'®%) Bone.
L ¢
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:J’r'
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Fig.4. Section-from osteochondrotic medial femoral condyle.

a

Arrow shows the “cleft of cartilage. a) Connective tissue
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B AndiC \f,inavi;cate approximate area of superficial,middle and

‘ »deepi'-:rggfibﬁs., Scale bar = 0.65 mm.

- :t.:. é-: ! ; “

- Fid.5. Section from osteochondrotic medial femo:.;a]: condyle. "

A

{a)_;.;Carj:i‘iége“ ésSociated with weak staining reactions for proteoglycan, .
e 1éss of cells and cell clustering.z b) Cleft. c) Deep region of

Z:artilage close. t‘o"'?: subchondral bone. Scale bar = 0.12 mm.
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Fig.6.-Section from an osteochondrotic medial fémoral condyle.
a) Deep region of cartilage with intense staining reactions for
hoth proteoglycan and nuclei. .b) Tiséue displaying disturbed
endochondral ossification with weak staining reactions for

~ proteoglycan and nuclei. c) Ossiszing area. Scale bar = .11 nm.‘

Fig.7. Section from osteoarthrotic distal humerus w_ith cartilage
* score, 3. ‘a) Normal cartilage stained intensely with safranin-O.
b) The area 6f cari:ilagc.a depression 'with diminished safranin-O

staining. c¢) Bone. Scale bar = 0.60 mm.
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Fig.8. Sectioﬁ from osteocarthrotic cartilage from ehe semi lunar
notch of ulna"s Fig.3 ). Arrow shows the area where 'cartilage'
was lost. a) Nommal cartilage. b) Cartilage associated w1th weak
staining reaction for proteoglycan, loss of cells and cell cIustering.

¢) Granulation tissue. d) Bone. Scale par = 0.60 mm.

Fig.9. Seetion from osteoarthrotic cartilage from fhe semlunar :
notchnof ulna. a) Granulation tlssue w1th negllglble safra.nln-o
stafning reaction. b) (‘artllage assoc1ated w:.th weak safranm—o
stalnmg reaction ,loss of cells and cell clustermg. c) (‘.artllage
‘with slightly weak safranin-O sta%mg reaction, where nutrient
supply to cells appeared to be limi‘ted due 4te the presence ofr
clef’es ( arrow ). 'd) Clustered cells distributed throughout

the whole cai‘tilage. e) Bone. Scale bar = 0. 60 mm.
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Fig.10. Section of granulation tissue from osteoarthrotic

' *  proximal ulna ( Fig.9 ). Scale har = 0,056 mm.
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A
CHAPTER 5
2 >, N
MINERALIZATION OF NORMAL AND OSTEOCHONDRQTIC
, BONE IN SWINE'
ABSTRACT , _ . B

.Bone mineralization of' the uldfa and femur was studied using
20 market weight boars. ‘On postmortém examination, 17 animals
demonstrated osteo;hondrosiS‘in the distal ulnar metaphysis and/or
the distal femoral‘epiphysis with no apparent lesions in the distal
ulnar ebiphysis, distél femoral metaphysis or fhe diaphysis of gither
bone. Three animals showed no'apparent abnormalities in ény site
of these(@gnes.. Lesiogag;éagkdisplaying'abnormal ossification in
the distal ulnar héséﬁhyses ﬁiﬁ markedly reduced (P<0.05) calcium
and phosphorus concentratioés, however?ﬁ&ineralization appeared to
be normal in the appérently norma; adjacent areas. Calcium and
phosphorué concentrations were greater (P<0.05) in the femur tﬂan
in the ulna; There was no significant correlation betwéeﬂ lesion

scores and bone analysis values, between lesion scores and average

daily gain, and between average daily gain and bone analysis values.

INTRODUCTION

Osteochondrosis is believed to be-the most commonly occuring

joint abnormalify«in young growing pigs‘(Reiland, 1978). The

N

@
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condition is associated with a disturbance of endochondral ossifica-

Fion and osteogenesis (Reiland, 1978), Grondalen (1974), geilaﬁd
(1928) ang Nakano et al. (1979a, b, c) reported morphological ‘and m
"hiséologica} alter#tions of cartilage and bone in oséeochondrotic
swine joints. Bone mineralization in pigs with deéenerative-joint
defects (e.g.{a;thritis andar?hrosis deformans) has been studieda
(Weiss et alm; 1973; Ropke, 1973; Perrin et al., 1978). These
authors did not observe any significant reduction of calcium -and
phosphorus concentration in bones from affected animals. Little
information is available regarding the mineralizatiog ;f bones with

signgrof osteochondrosis in swine. This study was therefore under-

0
taken to monitor calcium and phosphorus concentration in cancellous
and cortical tissues from abparentiy normal and osteochondrotic

bones of swine. , B

MATERIALS AND METHODS

Twénty &orkshir% x Lacombe boais, averaging 28.4 kg were.
housed in groups of foug in concrete-floored pens (2.4 x 1.5m) with
straw as bedding. Thesi animals were fe& ad libitum é‘stéhdard '
growe; diet containingflé.ZZ protein, 6.%52’ca1cidm and 0.65%
phosphorus. Weight gaiﬁrand feed intake-we:e recorded weekly.

At 90 Kg body weight, boars ;ere slaﬁghtered by mechanical stunning
and exsanguination.l After'slaughter, the ulﬁa-radius and femur from

both the right and.;eft legs were rémoved from each animal. ' These

 bones were selected because of the high incidence of osteochondrosis
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1

- in the epiphysis of the distal femur and in the metaphysis of the
] - , '
\distal ulna (Grondalen, "1974). Each ulna and femur was longitudinally
sectioned and visually examined for soundress of the articular and
epiphyseal cartilage, and of the epiphyseal and métaphysealicancelloué
and cortical boﬁeﬁ .Subjeqtive scores (0-4) Wwere used t; eva%u§te

the sevgrity of osteochondrosis according to the following céiteria:

Normal ' o

0

1-3 = Slight to severely disturbed endochondral
,osgification and cartilage thickening.
. ) -
4 = Severely disturbed endochondral ossification

accompénied by appareq&tgrabecular bone -
collapse and/or bone-fittosis or chondrosis.
Samples of normal and osteochondrotic cartilage and bone were

»

examihed gistoloéically; . Each sg?ple was routiﬁely decalcified with
20% formic acid dehydrated and embedded in paraffin and stained with
‘ hematoxylin and eosin, and Van Gieson's stain (Drury et al., F§27)
Chemical analyses were performed on bone from the right ulnae
and femuré énly. Capcellous tissue samples wérerobtained byntaking
three -2mm thick tréhsverge sections from the central area of the
distal artichlar sufface of thé'ulna’andQme thick sagiftal sections
from the medial condylar articuiar surface o% the femﬁf; Eacﬁ
section was sgrayed with a fine jet of 50076606 hot water (Weidman
and Rogers, 1950),ﬁntii the tissue appeared to be free.of blood and

marrow. Thé‘sappies wére,then sgpérated from.articular and epiphyseal -

cartilage and cortical bbne, and pooled to obtain epiphyseal and
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metaphyseal samples ef cancellous bone. _ Abnormalionssified
cancellous bone (Fig. 1) was separated from adjacent'visuallf
normal areas of bone for analyses. CdrtiEal bohe samples were
prepared by transversely‘ﬁh;ting the mid sectionﬁqf each diaphysis
to obtain an approximatelyllcm thick disk, whieh was freed from
marrow and periosteum. - All bone samples were then lyophilized,
defatted using petroleum' ether (boiling range 37.8-56.9°C5 and
fiﬁely greund-prior to chemieal anal}ses. | ’

" Calcium was determined by atomic absorption spectroscopy.

using a SP2900 atomic absor?tion spectrophotometer (Pye Unicam’Ltd.,

»

Cémbridge; England). Phospho;us was' analyzéd by the metavanadate

,method, and n;tf5§2£ hy the Kjeldahl methed, both.as described by

A.0.A.C. (1970). . o | | A

Correlation coefficients were calculeted between lésion

.

scores obtained for the distal end of the ulnée}and femurs, ‘between

lesion;seores and averaée daily gain, betweeh lesion scdfes_and
bone ahalyeie_values and between average dail& gain ahd bone
analysis values, )Dsfe were also analyzed qsing anélyses of
varience. Significant differéhheéibetween means were detgcted

B .

by Newman-Keuls' muitiple range test (Steel and Torrie, 1960).

RESULTS AND DISCUSSION v \/

All boars showed a normal gait during the experiaental

period._ Upon postmorFFm examination, three boars were free from

both ulnar and femoral lesions, while all other boars showed evidence

~
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of osteocﬁondrotic abnormalties of varying severfty iﬁ'either or
both the distal ulnar metaphysis and distal femoral epiphwsis.
The lesions ;ccured either uQ}laterallyibr bilaterﬁlly Put more
often‘BilaFeréllf. Because of non-significant differences in
lesion scorés of ulnae or fegurs from,.right and left legs, mean .
scores were calculated for tQSQGbnes from both legs (Table 1)7

Lesions in the distal femoral epiphyséé were associated with a

dist&rbance of the eﬁdochondral ossification.of’the deeper layers
of the articular cartilage. Areas of disturbed ossification did
not show any apparent evidence of mineralization. The distalrulna
, lesions were qbserved as thickening of the epiphyseal plate énd

abnormal bone fdrﬁation, which, on histological examination, was
- L] B
- - ' S
agE?ciated with tissue fibrosis (Fig. 2). Fibrotic tispues often
“n s . v B . . .
ghowed macroscopic evidence of mineralization. These lesions were

- typical %f those reported previously (Grondalen, 19743 Reiland, 1973;-
Nakang et al., 1979a, b, cj.' Seven pigs demonstrated osteochondrotic
S .

Lesidﬁé (scorg, 1) in the trochlear areas of the'distai fiemoral epiphyses.

The'cbrrelation coefagfient between femqra} and ulnatr lesion

o

scores was low (r=0.21, P>0.05). There were alse low (P> 0.05)

Syl [N .

BaY] —— . ’ ~
corrélations between average daily gain and any of ulnar metaphyseal

(r=0.18), femoral eﬁiphyseal (#=0:22) and pooled lesion scores (r=0.15).
Similarly, Perrin et al. (1978) reported a non-significant correlation

between cartilaée lesion scores and average daily gain in pigs.

There were no apparent abnorxmalities observed in cancellous
‘ , C L
bone from the distal ulnar epiphyses and the distal femoral metaphyses,

!

v
.
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o . .
and in compact bon¥, in any of the animals.

Analyses of calcium, phosphofus and nitrogen were conducted
on visually normal areas of epiphyseal and metaphyseal cancellous

bone and cortical bone from all boars. Analytical values of these

-

- . . <
bones, with lesion scores of¢ 0, were similar to those of bones with

a

'scores of l.or greater in both the ulna and femur. - Low correlations

with coefficient values ranging from -0.25 to 0,17 (P> 0.05) were
observed between lesion scorek and any of calcium, phosphorus, and

nitrogen qgﬁéentrations, and the ratiés of calcium/phospho?pek\calcium/

nitrogen and phosphérus/nitrogen in the epiphyseal cancellous and

’

cortical bone from either ulnae or femurs. The chemical composit%bn

‘yalueé were therefore, pooled for each site and are shown in Table 2.

.

. . . 3
The calcium and phosphorus concentrations observed in this study wergb
.® 7 * .

within the range of values reported for whole metacarpal (Liptrap et al.,

p

1970; Stockland and Blaylock, 1973) and humeral cortical (Perrin et al.,

1978) bones.

There was no significant difference in concentrations of

T' qQ . . . .
: calcitm, phosphorus and nitrogen between epiphyseal and metaphysgeal

<

« cancellous bone; Calcium and phosphorus concentrations,: and calcium/

nitrogen and phosphbrus/nitrogen ratioé were greater (P< 0.05) and

nitrogen concentrations were smaller (P< 0.05) in the cortical than

in the cancéllous bones in both ulnae and femurs. .This confirms the

3

"~ observations of Weidman and Rogers (1950& who studiedzrabBit, cat and |
rat bones and repérted a greater degree of mineralization in coftica}

than in cancellous bones. Calcium and phosphorus cqncentrations

o

»n ’ . ~

< . >ﬂ‘
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were greater (p<0.05) ie'femorai'than in ulpar cortical and cfnce loﬁs
bones. Nitrogen concentrations were lower (P{:Q.OS) in th femoral
than ip the ulnar cortical tissues, while no significant difference
was observed between ulnar and femoral cancellous bone nitrogeﬁ
concenttations. Calcium/nitrogen ratios were greater (P<fO 05) in
the femur than in the ulna with the exception of the cancellous bone

of the metaphyses, which showed a similar calcium/nitrogen ratio between

—

the femur and ulna. Phosphorus/nitrbgen ratios bere greater in the

femoral cortical than in the ulnar cortical bone, while the ratlos

did not significantly dlffer between femoral ‘and ulnar cancelloys

() 1 .
bones. ‘ . o I L 5,

—

™

" Three tissue samples from the diétal ulnar metaphysis that

showed abnormal ossification were anélyzed for calcidm and\pﬁosphorus.

Y

Concentrations of these minerals expressed as a percentage of ‘lyophilized-

B

'defatte& tissue were I3.Zﬁ1.87 and 6;5ip.89 for calcium and phosphorus,
respectively. Theee lower values are consistent with histological
“observations reflecting larger amounts of fibrotic tissue (Fig. 2).
These velqes were apptdximately 402 lower (P(0.0S; than those in the
apparently normal bone. Inthnelusioﬁ it is"eviAent that a geﬁerai
decreased‘minefalization is not charaéteriétic of bones with regions .
of osteochondrosis, a}theugh the 1esion area’itself may have 1es§. }

a-

mineralization than normal tissue.
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Fig.l. Longitudinal section of the distal ulna,
A: Normal. B: Osteochondrotic. Arrow shows tissue resulting

from disturbed bone formation in the metaphysis.
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Fig.2. Longitudinal section of cancellous hone from the distal '

ulnar metaphysis , |
"A: Normal. B: Osteo_chondrotic. Arrow shows immature bohe.
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CHAPTER 6
N~

GLYCOSAMINOGLYCAN LEVELS IN THE SERUM AND URINE OF SWINE

WITH EXPERIMENTALLY INDUCED LEG WEAKNESS

ABSTRACT

#  Serum concentration and urinary e#cretion of uronic acld in
‘papain induced cartilage degeneration of the leg goints of swine were
studled. The affected Jjoints demonstrated erosion of articular
cartilage; which was assgciated with losses of both intercellular

matrix glycosaminoglycan and cellularity. | After the:injection of

-

papain, both serum concentration and urinary excretion of uronic
“acid were elevated (PL 0.05)." However the increased serum or urinary
levels of uronic acid were maintained for a ver;kshOrt time period

vafter the injection of‘napainl It is suggested. that serum level or
PR ) ‘ .o .

- urinary excretion of uronic acid is not permanently elevated in swine

‘-,{‘ 1

with osteoarthrosis, and therefore uronic acid’ ana1y51s would be of

1imited valuenin detecting or verifyingjthe$presence'bf degenerative-

[

joint cartilage in swine.
4 .

® The material in Chapter 6 of. this thesis has been published in
the June, 1979, issue of the Canadian Journal of Animal Sc1ene'
Nakano, T., Aherne, F.X. and Thompson, J.R., 1979. Glyco—
saminoglycan levels in’the sérum and urine of swine with
experimentally induced leg weakness. Can. J. Anim. Sci.
59: 381-384. i ‘ :
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INTRODUCTION

Leg weakness results in an economic loss in swine production.

One of ‘the causes of leg weakness in swine is a noninflammat%ry*;
Ot

-

degeneration of joint cartilage (osteoarthrosis) (Grondalen, 1974) Such

1] '~‘
*

joints showed a reduction in cartilage matrix glycosaminoglycan

(GAG) (Nakano et al., 1979 ). TheUGAG lost may enter the

-

blood circulation and appear in-urine. Elevated blood concentra-

-,

have bgkn observed in patients with rheumatoid arthritis,‘and may

tion_(:Zrby, 1958) and urinarykexcretion (pi Ferrante, 1957) of GAG
be a useful indicato® of- the occurrence of the condition. However
little information is available on the blood or urinary GAG levels
‘and these relationships to osteoarthr051s.' In this study, a
degenerative joint condition similar to that of osteoarthrosis ‘was
experimentally induced by the intra~articular 1nJection of papain
(BentleyL 1971). Uronic acid concentrations in the serum and 24\h
urinary uronic acid excretionlwere monitored before and after in-
o o _ ' | ) @

jection of papain intd the knee (stifle) joint.

>

‘MATERIALS AND METHODS

J - .
. -8ix young boars weighing 41 to 45 kg were penned individually

’in metabolismcrates and fed a standa%d‘grower diet ad libitum. - After -a
3 day adaptation period, serum was’ obtained from 10 ml blood samples’

'collected from each boafbon days 4 and 7, by. puncture of the vena cava, \ ™
Twenty four h urine collection was. made for each animal on days 4,

5‘and 6 with thymol (0.5 g/1 urine) (Ohkawa et al., l972) as‘an

°
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anti-bacterial agent. Serum and urine sampleq‘ﬁere stored at —30?6
' uqtil ahalyzed.A' One h_after the reﬁo?al“of blood on day 7, eacﬂ
animél was anesthetized using halothane,‘gga 1.5 ml of 162 sterile
solution of crude papain (type II, Sigma Chemical Co.} St. Louis,
Missouri) in 0.9% salinglplhs 0.5 ml'of 0.12 M cystein hydrocﬁioride
N aé an activator was injected inté the left stifle joint'cavity.

To the right stifle of each animal, 2.0 ml sterile saline was injecteq

as a control. After papain injection, urine and serum samples were
collected on days indicate? in Table l.. Boars were exercised in a

3.88 x 1.47 m concrete floored ben.on day%)3 and 12.post-injection.

On day 13 post-injection, boars were slaughtered. Stifle joints

were opene‘ii\and visually examined for the soundness of articylar

A

cartilage. Histochemical examination of the cartilage was carriéd

< out using safranin 0 fast green and iron-hematoxylln staining as

- described previously (Nakano et al., 1979)

4 " Serum and, urine sampleszi;;§>ngpared for GAG‘analysié by * -
the metbods of Emura and Mukuda 73) and Di Ferrante and Rich t

.

(1956), respectively,'and analyzed as uronic acid (Dische, 1947)
M)
_w1th glucuronolactqne as ;he s;andard.AA t-test (Steel and Torrie,

[y

1960) was'hsedgto detect significant differences between pre- and

-

AN

< post-injection values of uronic acid.

~

‘RESULTS AND DISUCSSION

No boars showed signs of a toxic reaction tocmhe inJection

of papaln. All boars became lame and articular cartllage erosion
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was observed in the left femoral (Fig. 1) and tibial condyles.
Histochemically these eroded tissues showed both a loss of
chondrocytes and a vefy weak staining of intergeilu;ar matrix

GAG (Fig. 2). : Tﬁe weak staining of GAG was also found frequently
in non—grodéd areas of articular cartilage from papain injected
j§inté. . Thesg histochemical obéervagions are‘consistént with

those reported for the-degenéfatiQe cartilage of humans (Bollet

~

and Narnce, 1966),'dogé (Lust and Pronsky, 1972) and swine (Nakano

et 51., 1979). "~ " All saline injected‘joints were visually

.

normal, and the cartilage showed intense staining reactions of

_ intercellular GAG and nuclear material.
Pré-injection valués- of serum and urinary uronic acid

Y(Tab;e 1)*were considerably higher” than the normal values'réported ~
“ < T . . .

. ) v : : S .
for humans.  For example, Emura and Mukuda (1973) reported serum

~ i .
levels of uronic acid to be 4.1 to 6.0 pg/ml in individuals of 16

to 28 years of age. Teller et al. (1962) reported urinary e
: : . : i
. excretion of uronic acid to be 7.3 *+ 5.1 mg/24 h for 14 year old

individuals.” P

3

The post-injection coqcentfation of serum uronic acid
(T@Ele 1) increased and ‘remained sigdﬁficantly (P<0.05) higher

than tbe'pre—injectiqn level until day-z‘post;injecﬁion; On~
. X ) ) A
day 7 and thereafter, the concentrations were -similar for bre—

14

‘and post—jnjection period. Urdinary excretion of Lronic écid

'(Table‘l) was alsq incregsed afggg papaiﬁ injection, and was
maintained at a higher (P<0.05) level than thét of the pre-

injection period up tofday -7 post-injection. ° On day 9 and

v



Y
thereafter, the uronic acid values weré“th_significantly_difgerené
from those of the pre~injectiqn period. In the osteoarthrotic
condition, the degenerativehp'rocess of‘ cartilage probably obccurs at a
much élower'race than that in the papain-induced condition._' There~
fore, one;ou‘ld éxpéc\t a more gradual release\Qf uponig acid from
degenerating cartilage, adﬁ a risé in the serum level or urinary ‘
excretion of uroqic acld may nép_be detectable. This is supported
by unpublished data f}om this laboratory indicating that serum uronic
o .. a
acid concentr;tion is similar between formal bqars and boarsUwlich
were rejected from f ;ebord of perfo;mance testing station because qfl
leg,weakness and which on .post-mortem examination of tge joints*Were

seen to be osteocarthrotic.
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Fig.l. Articular cartilage erosion ( arrow ) in the femoral

condyle from papain~injected joint.

Fig.2. Section vertical to the artlcular surface from eroded
cartilage ( Fig.l ) with losses of sxperficiéi_layér' of cartilage,
‘matrix GAG and cellularity. Scale bar = 0.09 mm. |

2
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CHAPTER 7 a

EFFECT OF HOUSING SYSTEM ON THE RECOVERY OF

[

BOARS FROM LEG WEAKNESS

ABSTRACT

A total of 30 market weight boars, including 25 lame animals

-

and five'normal'animals, were obtained_from a swine performance testing

© station to study the effects‘of hbusing systems on the,recovéry of lame

’

boars.' Boars were hbused in 2.0 x 1. 7m concrete floor pens and allowed
\

access to 4.0 x 23 Om 1ndoor concrete area for 2h per day (Group T) o,
or in outdoor sheds-which opened onto 10 x 15 m dirt lots (Group II). |
“During the'seven week experimental period, there:was.no appreciable
improvement in locomotory ability in any of the animals studied.h Though

gait was slightly. improved in

‘one of the boars' from each group, post- | ,i&&.

_'mortem examination of Joints indicated the presence of a considerable

degree of articular cartilage lesions: - The incidence and‘severity’j

fof-joint 1esions in the other 18 lame pigs were greatest'(P<:0f05)

in -the proximal articular surface of ulna, distal articular surface
. A\ :
of humerus and distal artiCular surface of femur. Lesion occurrence

" and severity were’ similar between boars from Groups I and II. No

differences (e >0. 05) wvere observed in any of the performance character-

1sticSvamong normalvand lame boars which completed the experiment.. .

[
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.INTRODUCTION .

Leg weakness of swine is a problem in which there is-impairment
of gait or lameness due.to-joint abnormalities.(Rei]qnd, 1978). Harbison,
(1976) reported that approximately lOZ of th< boars i hat entnred per-
formance test stations in Alberta were.culled due to leg we :kness.  Lack
of adequate exercise and hard rooring in confinement rearing systems.
are suggested as major contributing factors to the incidence of the
condition (Elliot and Doige, 1973 Fredeen and Sather, 1978 Bereskin,
1979). Several researchers (Vaughan, 1971 McPhee and Laws, 1976) ‘have
suggested that boars can recover from leg Weakness by changing their
environment from confinedfhousing to pasture or dirt lots.  The present
study was undertaken to enamine thisdpossibility.' B |

\

MATERIALS AND METHODS

1

A total of 30 boars, averaging 96.1 kg and 5. 4 months of’ age,

were obtalned from the record of performance (ROP) test station, leku, .

\ "
v

Alberta. -These animals included i) 25 lame‘boars (11 Yorkshire ‘nine

vLandrace, two Lacombe,'two Duroc and one Hampshire), and ii) five boars
'(three Lacombe and two Yorkshire) with normal 1ocomotory ability (COntrol
: animals) These groups of boafs were reJected by the test station
culling committee because of‘impaired locomotonyhability and‘slow growth
rate,‘respectiuely.‘ They were‘carefully trucked from the test station
to the Universit& of-AIberta farm.v_»Tno or.threezdays after arrival,

"six lame boars were randomly selected to obtain'prefexperimentalIinformation;

R]
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~on_animal gait and joint lesions, . ”Gait'was eValuated using a sub=-
jective scoring system according to the following scale.
0 = Normal

v

Slight to moderate lameness

1-3 =
4-6 = Moderate to severe lameness
7 = No. ability to sﬁand

Aftér,gﬁit.appraisal, éhesé-an;mais weére sléughtered by
" mechanical stunning and'éxsanguination. » All limb joints were
:obgned and visually examined for soundness of & , "~ular cartilage
and subchondral bope. To evaluate the severity of join. lesions
,Eﬁbjecgive scores (0-6) wéré used according to‘thé following
‘critgfié: _ ) | |
0= Cartilage smooth énd free‘of‘lesiﬁns
(norﬁgl). . - , IS |
1-2 = Mindr'tovﬁodéfatgjdegreéfpﬁqcartilégé;‘
"éfbovesAor-depressiqﬁs; and/of disturba;ce
’bflenddchondral dssificatioﬁ'(oé;eochéndrosisjm
3;4 ='Moﬁera£e to advénced'dégfee ofrca:tilagél,
.grooveskbf.depq‘ﬁsignﬁ,-and/or qsteoéhon&roéis
6ftén acc@mpanied By local fracture and |
SOféening of'cartii#geiw' |
5-6“= Severe osféochéndroti¢.déggnération'of
: c;;tilage wi;h:denudéd ;qbchonaral bqﬁe, o . i
an&/df cartilage‘iifting or separation often

‘accoﬁpanied'by.collapsé of,subchondfal Bone.
. . . e‘ N N . N
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. All evaluations of animal gait and joint lesions. were made by . .
’ - «

. the senior author.

Articular'cartiiage’and.subchondral bone were also examined

histologically. Samples were fixed in 10% buffered formalin,

decalcified,” fixed and dehydrated in ascending concentrations of

\
bt

ethyl alcohol, cleared in benzene and-emb dded intparaffin.(Drury

were stained with safranin-
-~

19&5), hematoxylin and eosin,

et ak., 1967).' ‘Seven micron thick sectio

0, fast green and iron-hematoxylin (Lil
and Van Gieson's stain (Drury et al., 1967).

‘The remaining boars were randomly divided into two treatment

, “
R

' groupsl”' Group I contained 13 lame and three-control boars,‘while o
R L : : -

Group II cdntained six lame and two'congrol boars. Group 1 boars
~ o . e ) » 2

LI

were individually housed in 1.7 x 2.0 m pens with concrete floorS»and

[

'.straw as bedding. After a one week adaptation perlod,bboars were
individually allowed access to a 4 x 23 m indoor area with a concrete ;
"floor so that they could exercise for 2 h a day. The temperature of¥
- the pens and:exercise area was maintained at approximately-ZOQq;
Group II boars were'ihdividuai1Y'penned‘in large;open front sheds with
dirt floors and straw as bedding.lriEach boar housed in'these'sheds‘
had continuou§ access to 1ndiv1dua1 large (10 x 15 m) outdoor lots
.;where it could exercise.. The outdoor temperature ranged from 10 to
" 30% 1n the daytime and from 3 to 18 C at night.j Boars in both Groups"
Vwere provided a standard 16/ crude protein grower diet and water ad
libitum._ o o

The gait‘ofAeach-anr invGroups_I”and»Il was'app;aised at
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the start of’the,experiment and,once a week thereafter;_uSingvthe
scoring method described previously in this paper. Weight gain

and feed intake were also recorded weekly,  The experiment was
conducted for a7 week period, which‘was considered sufficient
because.a previous study‘(McPhee and Laws, }976) reported"recovery"
'of pigs fromrleg weakness“within 4-weeks of arrival at the farm.

At the conclusion of the experiment, boars were slaughtered and the

severity of'joint abnormalities was'visually'and histologichlly

evaluated usin& the scores as described previously in this paper.

Data were: analyzed using. analyses of variance. Comparison

\

of means was: made u51ng Newman—Keuls multiple_range test (Steel and
Torrie, 1960) : Correlation coefficients were calculated to determine

vthe-relationship between ‘gait score and‘.artilage lesion score, gait

score and average daily gain,-and lesion score.and average daily.gain:

'RESULTS. . o

Gait appraisal of the‘preﬁeiperimental animals showed that
4 four boars were lame with scores 4 to 5, and two were Stlff w1th
scores 2 and - 3 On postmortem examination, each animal-had joint

,lesions w1th a score of 4 or greater on one of the proximal
. ’ —

articular surface of the ulna, the distal articular surface of vhe
‘humerusvor.the_dis\al articular surface of the femur. -

o

During the adaptation period one boar -from thre™dirt lot

(Group ll) with severe 1eg weakneSS»(gait.score‘7) had ‘a greatly 'f
'reduced feed intake. This boar was withdrawn from the experiment N
~and slaughtered so-that its limb joints could be examined. Severe. =
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‘articular cartilage erosions (score 6) were observed in-the- dista}

articular surfaces of both femurs. All other boars were able to

' =

. e
co te the experiment." There were no obvious disease problems -

with the pilgs other than leg defectg during the experimental period.
Lame. boars. appeared to 1ie down on the floor or dirt more often than

< -
did control boars, but the’difference was not recorded. - In spite

b

“of the differences in epvironment-or leg'condition there were no

significant (P> 0.05) differences in average daily gain, daily feed °

intake and feed/gain ratio either between lame and control -boars or

”~ e

between boars from Groups=I and I1 (Table 1).
. _‘Resultsfofrgait appraisal of boars at the beginning and end
of the experiment are shown in Table 2. Of the 18 lame boars,

nine were scored 4 to 6 (moderat. o severe lameness) and four

were . scored 24to‘3 (slight to moderate lameness)bin Group I, while

-

-

two boars were scored 4 to 6 and three were scored 2 to 3 in Group
hfi on the first appraisal (week 1). T;pical eXamples'of abnormal
;‘leg appearance are, shown in Fig. 1; During the 7 week period ‘there -
was no- improvement in gait of. any boar that 1nitially scored 4 to 6
\

in either Group I or II. Two boars (one from each group) initially

- rating 2 and 3 showed slight improvement in gait, with scores de—b
creasing from 2 to 1, and 3 to 2 respectively.v. All control boars
_were scored 0 for gaitvin both treatment:groups'thronghont the 7
week_period. | ' | |

Postmortem ekamination'of joints indicated mo significant

' difference inrleSion'frequencyeor severity between boars from either

et e
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Groups I and II, or between pre-experimental boars_gnd,those»from
I o 7 i:s.- ! / o ’ w
Group I or II. Therefore, joint lesion scores in 13 sites from -

25 lame boars were combined and;are shown in Table 3. The distal

articular surfaces of the humerus and femur .and the proximal articular

N

surface of the ulna were associated with the highest (P<f0 05) lesion-

v

scores. Lesion dreas demonstrated surface irregularity, thickening,

-

softening, fracture and separation of articular cartilage, and

disturbed endochondral ossification 1n the humeri and the femurs,

Rl

oS
Lesions in- the ulnae- were associated with erosion or loss of

cartilage in the central area of the semilunar notch, Lesion
. b \
" ‘frequency and severity were less in the proximal ends of the humeri

=]

~ and femurs, distal ends of ulnae and tibiae, both\groximal and distal

ends of radii, tarSi and metatarsi, and scapulae, Acetabula and
, proximal ends of tibiae had the lowest lesion socres. = Formation
AN
of repair cartilage wa% observed in lesion areas of joints from

-

. pre—experimental boars aniGroup I and‘II boars. . An example of

"repair tissue resurfacing the subchondral bone is shown in Fig. 2,
! ) Fo d
- Correlation coefficients between gait scores and lesion

scores in individual'joint sites were 0'24' 0.31 and 0.36 G?)O 05)

JF .
L}n the proximal articular surface of the ulna, dlstal articular '

surface of the humerus and distal. articular surface of the femur,

-

reSpectively. However, when leSion scores were pooled for these

‘ threevsites the~coefficient was significant (r=0.45, P<0.05).

There was no significant correlation between.either gait and lesion

scores in any of the other 10 joint sites examined with the coefficients

128



R A T R T S,

138

A

-ranging from 0:10‘E0;0a31, or between gait and pooled lesion scores

<

in all joint sites examined (r=0.24).
Histological examination, revealed that both cartilage erosion
‘ ‘and fractures were associated with a diminished safranin-0 staining

reaction and a stronger eosinophilic staining reaction with hematoxylin

‘and eosin, indicating a local loss of proteoglycans. Cell cluster-

ing and a loss of cells were observed in these lesion areas. Carti—

:

1age that failed to ossify showed cell nectosis and a 1oss of proteo-

glycans. ‘Severe failure of endochondral ossification was accompanied
by trabecular fractufe and fibrosis in the subchondral region. Fibrotic
tissues were stained deep red by Van G° son's acid picrofuchsin, a dye
which stains collagen, These tissues were observed,to be partially .

differentiated into cartilaginous tissues showing positive safranin-0

staining. Ossification occurred in cartilaginous tissue adjacent‘to'

'_ the subchondral bone, Areas of repair tissue contained fibrotic
tissues, ‘which were derived from the subchondral bone area (Fig. k)
To a varying extent,\these fibrotic tissues were observed to be
differentiated to cartilaginous tissues which showed an intensive

safranin—o.stalning. It was of particular interest to note that
. v
tigsues undergoing repair were frequently observed adjacent to an

active lesion in the same-joint.. ‘

Boars with gait scores of 5 and 6 had severe 301nt lesions

(score 6);~and” tﬂose with gait scores of 3 and 4 had lesion scores

ranging from 3 to 5. Lesions scored from 3 to 6 occurred at least

on one of the proximal articular surface of the ulna, dis "articular




0

»OAto 0.3 in the other joint sites. No significant (P>0.05)

v . .
. . o {
-

surface df the huqerus'or distal articular surface of the femur from

each boar with a gait score of 2 or greater. The two boars that
. . - ) N

improved their -gait scores by 1 had relatively severe lesions, with

- scores of 4 and 5 in the humeroulnar joints. Lesions from one of.

the boars with a gait score of 2 include grooves, local fracture
o 2] w

and softening of cartilage on the distal articular sufface of the

1

humerus,- and local erosion of the semilunar articular cartilage

G

with denuded subchondral bone (approximately‘4mm2) on the‘proximél

érficulaf‘surface of the ulna. The other boar with gait score 1
o T :

also had a similaf.degree of local erosion of its semilunar cartilage

. ' - ") .
in the left leg. Lesions with scores greater than 3 were associated .

with an increased synovial fluid éccumulation. " All control boars

demonstrated some evidence of joint lesions with scores of L, to 2 in .

one or more joints examined. . Average lesion scores ranged from O <>

¢

to 0.2 on proximal articular surfaces of ulnae, distal articular

surfaces of humeri and distal articular surfaces of femurs, and from

£, G

N

correlations were measured between ggther galt score apd average

,) & | A . . 1
daiiy_gain (r=0.09) or average daily gain and lesion scores (r=0.01).

-z v

DISCUSSION )

In spite of the differences in environment or leg condition
there were no significant differenpes.in the performance traits among

the four groups of boars studied.

It has been frequently suggested that the gait of lame pigs

s

o
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will improve 1f the anina]s are mpved from‘contined rearing systems

to less restricting environments (e.g. McPhee and Laws, 1976).

Such a possihility was examined in this study. However: among the

18 ROP rejected boars with initial gait‘5cores of 2 to 6, none showed

anyvappreciable improvement in gait throughout a 7 week period of

either indoor exercise or housing on dirt lots. McPhee and_Laus a R

”(1976) reported that 30 out of 73 performance'test rejected boars

'recovered within 4 weeks after returning Eo'a farm/enVironment.' %gz;
G \ : =T

Differences between these results and. those of the presentistudy

'may in part be due to differences in the subJective method of gait

,/

evaluation, or possible differences in the severity of leg weakness

at the start of the test.,

In the present study, a slight improVement.of‘gait was

.obseryed in two of the boars. An improvement of animal gait by

.

venlorced exercise has been reported»by'Grondalen (1974b) and by

o

Perrin. and Bowland (1y.7). The'evidence of joint resurfacing
‘ supports ‘the findingSK’f Fredeen and Sather (1978) »who reported
articular cartilage repair in- pigs released on’ pasture. Further

p .
"support for the id;; that cartilage repair can occur is prov1ded by N
studies of experimentally induced femoral condylar cartilage lesions
in. rabbits (d;tchell and Shepard 1976- Cheung et al,, 1978) These
authors reported that dril@—hole injuries were filled with cartilaginous
tissue when the perforation extended into subchondral bone. In

contrast, when the»perforation did nmot reach the}bone, no repati;tissue

. was observed.’ These observations suggest that formation ofjywepair 'g& o
N . T o . //’.' % : T W 3
N . . ——
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tissue is dependent upon activity in the SubchonQral bone.

-

Joint lesions observed in the pre-experimental boars and

those from Groups I and II were similar to those reported previously

141

(Perrin and,Bo&land, 1977; Perrin et al., 1978; Nakano et al., 1979a,

A b) except for the osteochondrotic lesions in the femoral frochlea.
This is the first report 8} ostegchondfqtic lesions in th¥. femoral
~trochlea of swirfe, but the occurrence of similar lesions has been

reported in,the correspondiﬁg site of human femurs (Lindén, 1976).

Ay ~

The histological.obseévatiqns of the joint lesions were consistent

with our previous reports of osteochondrotic swine joints (Nakano

v

et al., 1979a, b).

The experimental reéulfs indicate that severity ofvjoint
R - * L 14

Bl u"'\'. N o . .
lesions is greatest in the distal articular surfaces of the humerus

and femur and thq\préximal articular-surfad® of the ulna. These\.

obsefﬁations;are consistent with the’ finding of Grondalen (1974a, b)

and Nakano et al. (1979592 ~ The significanf correlation observed

between gait score and pooled joint lesion scores in the three sites -

of elbow and knee joint-suggest‘that lesions in these sdites are
associated to a certain extent with Ehe iﬁpaired gait of the pigs

studied. : _ o .
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Table 3. Mean joint lesion scores

‘S[te' _ ‘.' - - _ &AVScore+
6lsfal-humerus e . S 3.96 (1 -‘6)+a
ﬁlstal femur X . _ 5:70 (2 - Q)ab.
'.Pré"xln;él ulna o C S 3.26 (1 - 6)p
Proximal raaius » L 1480 (0 - b)c
Distal tibia \ , - .1.68 (0 - 3)cd
‘Tarsus -L » K . - . ' e b.éo_(o - h4)ecd
Proximal humerus ' ’ o ﬂv f.zéﬁdo - 3)cd
.P?dxinalvfemhr ‘ ."" ' . |.25’(0v- Lk)cde
'ﬁetétarsus ) _ o . _ V o 1;20 (0 - 3)cde
" Distal ulna—tadlﬁs - » L 1.08 (0 -_Z)Cde
Scapula . ' -'_‘ : , : "O;Sk (0 - 3)de
,P‘r‘oxi.n‘lal tibia ' - . 0.68 (07~ 2)e
Aéetabuluh o 4“ '-L. : 0.66 (O_va)ei
- : o

+ Scores for- right and Ieft legs were’ pooled as the values were
not significantly (P>0.05) different, thus each ‘value was de--
rived from an average of 50 scores from 25 lame boars. .-

4+ Value in parentheses lndlcates score range

a-e Heans with dlfferent letters are slgnificantly (P<0 05) different

146
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.F'ig.“l'. . Abnormal leg appéarénce .

A: Normal Yorkshire poar.

B:.-Lacarbe boar showing ' up on toe '
‘ . A R

' C: Yorkshire boar with cross legged gait. )
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old Yorksha.re boar

Fig.2.‘ Seve;_re ‘bSteochonertic humeral condvle fram a 6 month

'a) Detached argcular cartllage on the dela] condy]e ( arrow )

h) 'I'he, area beneath the detached artlcular cartilage on the same
o condyle show;mg repalr tlssm ( arrow ) resurfac:mg‘ the subchondral

. ‘bone.
'
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| F1g 3 Hlstologlcal q of an osteochondrotlc medlal huneral
condyle from a 6 month old Yorkshme boar, shcwmg repair tissue .

- containing fibrotlc tlssue | . ‘
, »a')' Articular surfac':ed.‘.‘b:) ‘The area of intensive safranin-O stagnuingf

_ c) _SLbdbr}dré_lpo_n‘el._ | Section was stamed with saf’_ranirg—O, fast green .

and iron-hematoxylin. Scale bar = 0.23 mm.
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GFNERAL - DISCTISSION
leg weakness in pigs-is a serious problem associated with nodem
pmoductlon methods In this thesis, a ;erles of studies were underta‘ren
to 1nvest1gate the etiological factors of joint abnommalities and Jeg

weakness in swine.

. In general, gross, P'microsoopic and biochemica?l changes observed in\
swine artlcular and eplphyseal cartllage ’d\kwaq'grcmth were con51stent
| with those reported :Lr;p the cartl lage frcm other spec;.ee mcludlng

..

hunansanddogs((ihépterslandZ) S R
Osteochondr051s whlch was manlfested as a non—n.infectlous dlsturbance )

of - endochondral osmfxcatlon, was the major Jomtbahnonnaht‘é in the plgs

studled. Severe osteochondrot.lc lesions were associated w;L.th,lameness o

_ ( leg veakness ) of the animals. ':She frequency'of lesions was s:unllar

among boars , loarrows and'gi‘l.ts‘"(- Chaprer 4). ;" Articular cartﬂage of the

elbow and knee jOlntS as Well as of the dlstal eplphyseal plate of the ulna .

were the sites most ocmnonly affected "‘he freqdency tended to be.

grea@ter in the medlal than in the 'Lateral condyles of both the humerus

"and. femur. Gross and hlstologlcaJ examination of early developmenta]

) stages of ‘the lesmn revealed failure of‘oss1f1cat10n in the deep \ E

| ca101fy1ng region of the carulage. In the more advahced cases,

’ fracture of the cartllage and/or subduondra,l bone occurred F‘ractured C

'cartllage frequently "to be softer than normal cart_llage '

<

"(Gmaptersl4=.and"7)-“ | ,;'é"r' R

- The- study of knee jomts from boars showed tbat the. 1nc1denoe and

severlty of osteochondros:Ls mcreased w1th mcreasmg ‘age and body welght )
‘of - the’ animals ( Chapter 1). A‘wsual estimate pf the slope of the

.4
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weight-bearing surface from caudal sumuit to intercdndyieid fossa
—~ revealed a reduced steepness of the slope in affegted joints

| ( ;hapters land 2 ). The steepness decreased with increasing

~ severity of ‘the lesions ( Chapter 1 ). -,It.was,s‘uggesteﬂ frar\ these
ohservations that: mechamcal stress due to increasing body weight ’
corntributes to the incidence of lesic')ns,altho%' it may not be a
prim-ry ‘fae/‘tor. '

"Osteocrlondroti.h carti1age tended to be t'hi‘cker than normal ' .

cartlw . There was a s:.gnlflcant correlatlope (r=0. ’56 p(O 0l )

. ,bebﬂeen lesmn seve?ity and thlckness of the medlal femoral condylar
cartllage ( Chapter 4 ). - Weight stress was considered to be involved

in -the induction of tissue thlckenlng. Similarly, ev1dence of

. cagtJ, age thlclcenmg due to mechanlcal stress has prev:Lously been

o by others ( Chapter 4). If articular’ cartilage t‘uckness .

ﬂ wrll mdt 1n m:palrment of the physmloglca1 functlons of cells o, v-if"-
‘ e ,4 S \% -

5 O and therefore in tissue weake/nmg

W Y my " Although not pursued in this’ study, analysm of mechamcal
'um .

Y W "-4-:‘.\ i . - . ‘
P , -
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. - | : |
’ propertles of ca.rtllage may prov1dé' an mlght mto the developnent of

osteochondros15. When cartilage bears welght thlckened cartilage may
_ . b
be distorted to a greater extent than norma'l cartl'lage, . prowided ~

w

that the chemlcal and physxcal prperties bf the cartllage are othe:cw:Lse

t

relatively smular.

Hlsfologlcal obser\gtlons revealed ohcndrocyte necrosis and a loss

.of proteoglycans in the cartllage resulting from dlsturbed 0551flcatlon.
N

Mlcrosoop,lcally, these necrotlc cells were scattered 1nd1v1dua11y Lo
o
throughout sthe matrix w1th little evidence of thelr oolunnar '

arrangenent ohserved for -adjacent normally maturmg chondrocytes
( Chapters 1 and 4 ) One’ ‘could speculate fra&.the above observat.lon
that these cells dled before they. matured. f‘hondrocyte maturatJ:on

‘in the deep ( calc1fymg ) reglon of -the cartllage is the normal .
k-4 ﬂp ‘,‘gﬁ— '
Nl

process leadmg to endochodral OSSlflcathI“l Cell ghosts were retaJ.ned -

wE e
¥

" in the matrix of most tlssues that failed to?ossn.fy, w‘uch was in’

contrast to the matrix morphology of fractured cartilage showmg =

‘J

dlsappearence of both cells and proteoglycans ( Chapters 1 and 4 ) an
o these observatlons 54 One may. speculate that c1rculatory dlstgiarbances

-‘vJ T " b

4 L ':m, or adjacent to, ‘the affected tissue may ‘be mvoj.,&mﬂ in the.

Unfortunately, blood c1rculat10n in the

l’*& ﬂ i
The reducedl proteoglycan and
3 .'&; : : v
collagen ooncentratlons in the osteochondrotic ‘tis'é;ue ( Chapi;er 4 ) &
LREE . iR .'4,3—' . .
& may ‘be 1]elated to a reduoed welght bearlng capac:.ty of this tlssue. AR

)

“""'Ihis suggestlon 1s suppog:ted by the. observatlon that the tlssue appeared

‘to be’very soft when tested w1th ab'lzmt probe IR
Hlstologlcal and chemlcal anaslyses demonstrated a 1oss of

proteoglycans J_n 1-he fractured art:Lcul& cartllage ' whlch’ may »
b £ B R - : e -
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contrlbute to tlssue weakenmg as d.lscussed earller. : Hwever, the'

' 'Pathogenems of tissue weakenmg remalns unclear. The auther'- reoent

O NNy S S T

&,G{udles of proteoglyéam stnmt.ure 1n nQrmal and osteochondrotlc cartilage

qf swine indicated : 1) groteﬁlyw\s are more rea Ny extracted with

J‘\

%guanldlnbt.}p, cﬂlorlde, a&d the extracted proteog’l cans are less

<,

. agg&egated fn ﬂw&m:e osteoc}hndrotlc than in the nomal artlcu]ar

4‘_-;‘4!"

[0 L NS S

cartllage»r ”gld 2)‘ ehain length of chondro:.tln qu fate is reduoed in the

PN PPN O FREN

' cdrtllage w1th ,@evere osteochondr0515 r“'hese» structural changes of

'proteoglycans @pear to he due in part: w hydrolytlc enzyme actlwty
@
' J.n the cartllage and/or synovial fluld ' Involvement, of lysoscmal

it L i e L,

hydrolases in proteoglycan degradation in cartilage. has heen frcquently
reported Abnomtalltles in d’londro1t_1n sulfate metabollsm in osteochondrotlc

3

cart:Llage are Jmpllcated by the results presented in Chapter 1l ‘, -

JAJ
N -

' vhlch showed }ugher proport1| sof ﬁ—sulfated dlsaccharlde and lower
-proportlons of 4-sulfated dlsaccharlde . im v' severe osteodmndrotlc ' "
) than 1n Vlsually normal cartllage. lelted infonnationlis
avallable on proteoglycan metabollsm in swme ca.rtllage. '3 Research on
this auaa m relatlon gp endocrme and geneta(: faotors, and to factors
related to feed.mg and management practices ( e.g. amount. of 'exercn,se, L
B floor types etc. Y appea!Q,,to be rmportant to’ determlne the etlologlcal v -
factors ?f v]omt abnormahtles. ‘ if ""."":""?; i ' ,' ‘ ‘
- Severe osteochondrotlc jomts demonstrated subchondral bone damage

o m the area adjacent to the cartllage that falled to ossify ( Chapters |

'lQS aqi 7 ) ' Tlssue soff‘em.ng in. the affected cartllage, noted _ S _~-~'f
: - 2 A o Wl Yoo v
%rev:.otsly m thlS dJ.scussion, mlght have resuited in an mc:reased v
¥ D : o ¥ g ¢
physmal sttess to ‘the' trabeculae. The observed flbrosls and ."" ..

chondrosm 1n the subchondral naglons R Chapters 1,5 and 7 ) appear

[N




to he a healmg responce to the rrabecular damage. A study of
mmerallzatlon of ulnae and femurs fran boa.rs demonstrated that

@.&.m and phosphorus concentn , are smu.lar bebveen normal

: osteochondrotlc hones ( Chapter 5 ), suggestmg that calcium and
‘,.phosphorus metabollsm was normal in these amma]s.

In conclus:ton, osteochondros15 was tHe major jOlnt lesion .m

'the yOung growmg plgs studled The condltlon appears to be due to
a dlsturbance of chondrocyte mat,uratlon. At present, we do not Xnow
1f the prlmary cause of the 1e510n is due to- metabollc or mec'nanlcal v s
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